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SOUTHERN CALIFORNIA FLOODS OF JANUARY, 1916. 



By H. D. McGlashan and F. C. Ebebt. 



INTRODUCTION. 

The rains that swept southern California in mid-January, 1916, 
converted the streams into torrents that overran their banks and 
devastated wide areas of the most fertile land of the State. The rains 
were heaviest and the floods most disastrous in San Diego County, 
but they were also very heavy in parts of Riverside, San Bernardino, 
Los Alleles, and Ventura coimties, and they wrought widespread 
rain throughout the region that extends southward from Santa Clara 
River to the Mexican boundary, and westward from the north-^outh 
ranges of San Bernardino and San Diego counties to the ocean. 

For nearly a month San Diego County was practically cut off from 
communication with the rest of the State. Fortunately the wireless 
could be used even after all telegraph and telephone lines failed, and 
supplies urgently needed at San Diego were brought in by steamer. 

Aside from the loss of life, the most serious loss was that resulting 
from the destruction of the results of the work of generations on 
well-developed farm lands and their improvements. Dams that are 
broken down, bridges that are washed out, water mains, pipe lines, 
irrigation ditdies, wells and pumps, and power plants that are damaged 
can be speedily repaired if funds are available, but it requires a long 
time to efface completely the track of a flood in a fertile, intensively 
cultivated river valley. 

A record of the magnitude of such a flood and a study of the damage 
done and of the history of previous floods are of value not only in 
efforts to solve the general problem of flood prevention, but also in 
planning the complete utilization of the water resources of a region. 
In San Diego County, especially, where the losses were very heavy, 
a niunber of feasible reservoir sites have not been developed because 
the expense is apparently not yet warranted by the demand for their 
utilization for water supply alone. A detailed study may show, how- 
ever, that the value of these sites as reservoirs for flood protection 
18 sufficient to justify the county in assuming part of the cost of con- 

7. 
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8 SOUTHERN CALIFORNIA FLOODS OF JANUARY, 1916. 

struction or assessing it against the properties to be protected. A 
fundamental requirement for this study is a knowledge of precipita- 
tion and stream flow, such as that presented in the records given in 
the following pages. 

The records of precipitation have been collected by the United 
States Weather Bureau and many private parties at 156 stations fairly 
well distributed throughout the area. The records of stream flow 
have been collected by the United States Geological Survey and coop- 
erating parties, and these also include many records furnished by 
private individuals. The importance of these records to engineers 
who are charged with the duty of designing and building structures 
along these streams is obvious and is impressively emphasized by the 
magnitude of the floods studied and the enormous destruction they 
have wrought. 

The engineer will be impressed with the fact that whereas damages 
to property resulting from failure of engineering structures may be 
evaluated as a basis for determining the limit of economic cost of such 
structures, the loss of life can not be evaluated. Structures whose 
safety involves human life should, therefore, be designed much more 
securely than those whose failure would involve damage to property 
only. 

ACKNOWIiBDGMBNTS. 

It is a distinct pleasure to acknowledge the cordial assistance ren- 
dered the writers by engineers, public officials, officers of various com- 
panies, and all others of whom such assistance was requested. 

All stream-gaging work of the United States Geological Survey in 
California is done in cooperation with the State Department of 
Engineering, W. F. McClure, State engineer, and the State Water 
Commission, W. A. Johnstone (president), Irving Martin, and A. E. 
Chandler, commissioners. 

The section of the report relating to flood run-oflf would have been 
much less complete and accurate if it had lacked the data and assist- 
ance furnished by Mr.W. S. Post, consulting engineer for the Volcan Land 
& Water Co. and the Cuyamaca Water Co. During the floods and in 
the weeks following these companies made a very strong effort to col- 
lect all information possible, and they also placed special parties in the 
field at different times to obtain such additional data as the writers 
desired to complete and check parts of the records. The chief engineer 
of the Sweetwater Water Co., Mr. John F. Covert, furnished a number 
of valuable flood records which he had carefxiUy collected, and Messrs. 
G. S. Strout, E. R. Bowen, and C. H. Lee obtained stream measure- 
ments and furnished very helpful information regarding the floods 
on the San Luis Rey. The list would be long if mention were made of 
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all parties who cooperated. Specific acknowledgment is made in con- 
nection with the detailed records. . 

All published and impublished records of the United States Weather 
Bureau in the area covered by this report were furnished through 
Mr. G. H. Willson, section director, San Francisco. The local 
offices at Los Angeles and San Diego also furnished much detailed 
information. Records collected by private parties are acknowl- 
edged in connection with data for the stations. The Los Angeles 
Coimty records were furnished by Mr. J. W. Regan, engineer of 
the flood-control district. 

Estimates of the amount of damage to property were furnished 
as follows: 

AflBessors: Montgomery M. Moulton, San Diego County; James Sleeper, Orange 
County; C. B. Bayley, Riverside Coimty; E. J. Gilbert, San Bernardino CJounty; 
Ed W. Hopkins, Los Angeles County. 

County engineers and surveyors: Geoige Butler, San Diego County; J. L. McBride, 
Orange County; A. C Fulmor, Riverside County; J. A. Sourwine, San Bernardino 
County; and F. H. Joyner, Los Angeles County, road commissioner. 

City engineers: Greorge Cromwell, San Diego; J. M. Oakey, San Bernardino; Clarence 

E. Bayley, Pomona; R. V. Orbison, Pasadena; Homer Hamlin, Los Angeles; Albert 
de Ruiz, Long Beach; and Chas. E. Chambers, president board of trustees, San 
Jacinto. 

Railway engineers: A. Ervast, chief en^neer, San Diego & South Eastern Rail- 
way Co., San Diego Electric Railway Co.; E. J. Kallright, general superintendent, 
San Diego A Arizona Railway Co. ; W. J. Gough, superintendent, Los Angeles A 
San Diego Beach Railway Co. ; J. McMillan, general manager, Pacific Electric Rail- 
way Co.; Arthur Maguire, chief engineer, San Pedro, Los Angeles & Salt Lake Rail- 
road Co.; J. Q. Barlow, assistant chief engineer. Southern Pacific Co.; R. B. Ball, 
engineer Grand Division, Atcheson, Topeka and Santa Fe Railway Co. 

Water company engineers: John F. Covert, chief engineer, Sweetwater Water Co.; 

F. M. Faude, assistant manager, Cuyamaca Water Co.; J. B. Dixon, superintendent, 
Escondido Mutual Water Co.; Francis Cuttle, president, Riverside Water Co.; W. S. 
Post, consulting engineer, Lake Hemet Water Co.; H. R. Case, manager, Temescal 
Water Co. 

Miscellaneous: F. H. Tolle, secretary and general manager. South Coast Land Co.; 
R. C. Starr, hydraulic engineer, Pacific Light & Power Corporation; H. W. Dennis, 
construction engineer, Southern California Edison Co.; C. O. Poole, chief engineer. 
Southern Sierras Power Co.; Austin B. Fletcher, State highway engineer; J. L. Ord, 
division plant superintendent. Western Union Telegraph Co.; C. L. Lewis, super- 
intendent, Postal Telegraph-Cable Co. ; D. P. FuUerton, general superintendent of 
plant. Pacific Telephone and Telegraph Co. ; L. M. Klauber, superintendent electric 
department, San Diego Consolidated Gas & Electric Co.; L. M. Drown, manager, 
Western Salt Co.; T. L. Barnes, general manager, Fenton-Sumption-Bames Co.; 
C. R. Olberg, U. S. Indian Office; Maj. G. B. Pillsbury, Corps of Engineers, U. S. Army. 

The loss of life was reported by the following coroners: Dr. 
Otto Q. Marsh, San Diego County; Theo. A. Winbigler, Orange 
(younty; C. S. Dickson, M. D., Riverside CJoimty; J. L* McMinn, San 
Bernardino County; and the coroner's office of Los Angeles County. 
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10 SOUTHERN CALIFORNIA FLOODS OF JANUARY, 1916. 

PRECIPITATION, 
STOBMS OF JANUABY, 1916. 

The stoims from which the floods of .January, 1916, resulted 
began January 17, but light rains had been reported for several days 
preceding. The United States Weather Bureau ^ described the storms 
as follows: 

It seema reasonable to suppose that the storm which swept over Hawaii on the 18tb- 
19th passed inland over California on the 27th. It is charted as Low No. XIV, Chart 
III. About a week previous Low No. X, Chart III, passed inland over the middle 
California coast on the 17th, crossed the south-central part of the State on the 
18th, and then moved northeastward into Wyoming by the morning of the 19th. 
During its movement over the south-central portion of California the storm slackened 
its progressive movement, meanwhile giving very heavy rains over the coimties of 
southern California. Light rains had fallen during the previous three or four days 
and conditions were unusually fovorable for a high run-off in connection with the 
heavy rains of the 17th and IStib. * * * The resulting floods were severe and much 
damage was done to railroads, bridges, highways, land under cultivation, and to the 
harbor of Los Angeles, by reason of the mass of silt deposited thereon. 

A second deluge of rain descended upon the counties of southern California in 
connection with Low No. XIV, mentioned in a preceding paragraph. The second 
storm was of much shorter duration. At San Diego, Cal. , the rain began at 7.18 p. m. 
of the 26th and ended at 7.45 p. m. on the 27th. The total fall amoimted to 2.41 
inches. This rainstorm was attended by imusually high winds for southern Cali- 
fornia, the average velocity at San Diego being about 30 miles per hour, with a maxi- 
mimi of 54 miles from the south at 4.29 a. m. of the 27th. The reservoirs in the 
county whence the water supply of the city of San Diego is drawn were already nearly 
full as a result of the rains of the previous week, and all of them, evidently, were 
not in a condition to withstand the added strain put upon them by the rains of the 
26th-27th. 

The table on pages 12-16 contains records of precipitation not only 
at stations maintained by the Weather Bureau, but at many other 
stations maintained publicly or privately in the basins described 
in this paper. A few records obtained in adjoining river basins 
have been added for purposes of comparison and indicate the limits 
of excessive precipitation during the two storms. (See PL I, in 
pocket.) 

From the records presented in these tables the mean precipitation 
for the principal drainage basias in San Diego County has been 
computed for the period covered by the storms. Eecords for these 
basins were collected at 63 stations fairly well distributed throughout 
the region. The stations were plotted on the map (PI. I), and 
lines of equal precipitation were drawn. The boundary of each 
drainage basin above selected points was also indicated, and the 
areas between adjacent precipitation lines within each basin were 
measured with a planimeter. The results are given in the following 
table: 

» Monthly Weather Review, vol. 44, No. 1, January, IWfi. 
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Ifaon fredfiuaion in ^troknagt ftorfTU in San Diego Cauntyy Cal.,for period Jan. 14 to 

30, 1916. , 



Btatkm. 



Dninage 



%S^ 



OtayRtwtttLowwOteydam. 

Juml Cnek thorn howtt Otey re — wo lr. 

Swwtwfttar BiTW at DMcaoso 

8wwtwat€r River at Sweetwater dam.. . . 

San Diflgo River at diverting dam. 

San IMago River at Lakeside 

San Diego River at MiaBlon dam 

San Diego River at San Diego. 

San Vloeiita Creek.... . .. 

Santa Yaabel Creek new Men'oVande.... 

Santa Yaabel Creek near Ramona 

San Diegnito River at Carroll dam site. . . 

San Diandto River at mouth 

Santa liariaCieek near Ramooa 

San Loda Ray River near Keea Oranda. . . 

San Lois Ray River near Nellie 

San Lois Ray River near Pala 

San Lois Ray River at Bonaall 

San Lois Ray River at Ooeanaide 



Sfuare 




meet. 


Jiidbet. 


W.6 


19.2 


W.8 


21.0 


43.7 


27.4 


181 


21.8 


102 


27.6 


203 


2&.0 


S75 


21.4 


434 


19.9 


74.9 


19.2 


53.4 


30.3 


110 


25.8 


290 


28.6 


0840 


22.4 


67.3 


21.2 


209 


24.9 


240 


25.4 


322 


25.7 


405 


24.3 


505 


22.6 



a Approzimata. 

In the mountainoiis part of the area much of the precipitation 
was in the form of snow, as shown by the following table, in which 
the amoimt of snow on the ground on Januaiy 15 is compared with 
that remaining January 31 : 

Snowfall, in inthes, in mountains ofsotUhem CdltfomUi/or January, 1916 A 



station. 



Total 
snow- 
fall. 



Amoimt 

on 
groond 
on 15th. 



Amoont 

on 
groond 
on Slat. 




Bear VaUar dam.. 
Conversa Nursery . 

Holoomb 

Sqoinailnn**.. . . . 

Seven Oaks 

HcUia 

lolian. 



+ 9 



+59 
+32 
+22 



a WUlson, 0. H., Qimatologioal data, California section, January, 1916, p. 11. 
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RAINFALL IN EABLIEB YBABS. 

In order that the records of precipitation for January, 1916, may be 
compared with those of preceding years, complete monthly records 
of rainfall at San Diego, Los Angeles, and Santa Barbara are given 
in the following tables. The precipitation for January, 1916, was the 
maximum for that month recorded at these stations. It was, how- 
ever, exceeded by the precipitation in February, 1884, at Los Angeles 
and San Diego, and by that of March, 1867, at San Diego. At Santa 
Barbara the rainfall of January, 1916, exceeded that of the next 
highest month, December, 1867, by 36 per cent. See table on page 20. 

Precipitationy in inches, at San Diego, CaL, 1850-1916. 
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1891-92... 


Tr. 





.06 








1.09 


.88 


3.19 


3.39 


.22 


2.06 


.06 


11.861892 


18.72 


1802-93... 





.01 





.33 


4.40 


4.18 


6.29 


2.27 


8.52 


.19 


.06 


.03 


26.28 


1893 


21.96 


1803-94... 








Tr. 


.76 


.20 


3.66 


.94 


.49 


.37 


.13 


.20 


Tr. 


& 73' 1894 


7.61 


1894-95. . . 


Tr. 


.01 


.73 


.02 





4.62 


5.84 


.46 


3.77 


.46 


.19 


.01 


16.11 


1895 


12.66 


1806-96... 


Tr. 


Tr. 


Tr. 


.24 


.80 


.78 


3.23 


Tr. 


2.97 


.19 


.30 


Tr. 


8.51 


1896 


11.80 


189*^... 


.02 


.01 


Tr. 


1.30 


1.66 


2.12 


8.70 


6.62 


2.31 


.02 


.10 


Tr. 


16.86 


1897 


14.28 


1807-98... 


Tr. 








2.47 


.01 


.05 


1.26 


.61 


.98 


.03 


1.76 


Tr. 


7.06 


1808 


4.88 


1808^19... 


.07 


Tr. 


.02 


.00 


Tr. 


.12 


2.64 


.04 


1.81 


.18 


.04 


.58 


6.50 


1899 


8w69 


1809-1900. 





.01 


Tr. 


1.50 


.90 


.90 


1.17 


Tr. 


.99 


.64 


1.81 


Tr. 


7.91 


1900 


11.30 


1900-01... 


Tr. 


Tr. 


Tr. 


.26 


6.53 


Tr. 


2.49 


4.38 


.45 


.68 


1.60 


Tr. 


16.29 


1901 


11.96 


1901-02... 


Tr. 


.09 


.03 


1.88 


.46 





1.62 


3.35 


2.98 


.16 


.03 


Tr. 


10.60 


1002 


13.12 


1900-08... 


Tr. 


Tr. 


Tr. 


.40 


2.08 


2.60 


2.10 


1.62 


6.93 


3.77 


Tr. 


.02 


19.32 


1908 


14.77 


1903-04... 





Tr. 


.43 


Tr. 





Tr. 


.14 


2.68 


4.50 


.97 


Tr. 


Tr. 


8.72 


1904 


11.88 


1904-06... 


Tr. 


.17 


.28 


.09 





2.45 


2.57 


6.06 


6.00 


.36 


.95 





19.62 


1905 


19.19 


1905-06... 








Tr. 


.08 


2.98 


.20 


3.85 


2.47 


7.35 


.69 


1.02 


.01 


1&65 


1906 


21.46 


1906-07... 


.02 


.03 


.05 





.85 


5.12 


7.02 


1.83 


4.12 


.16 


.07 


.03 


19.30 


1907 


15.30 


1907-08... 








Tr. 


1.19 


Tr. 


.88 


6.04 


3.66 


.18 


.52 


.25 





11.72 


1906 


13.74 


1908-09... 


Tr. 


.08 


1.22 


.26 


1.08 


1.46 


7.27 


6.20 


2.61 


Tr. 





.11 


19.18 


1909 


23.98 


1909-10... 





Tr. 


.04 


.28 


1.61 


7.00 


1.63 


.11 


1.86 


.30 








12.63 


1910 


4.89 


1910-11... 


.04 


Tr. 


.01 


.82 


.15 


.07 


6.70 


2.91 


6.15 


.28 


.02 


.08 


16.18 


1911 


17.86 


1911-12... 


Tr. 





1.23 


.16 


.10 


1.27 


.07 





6.99 


1.66 


.12 





&60 


1912 


9i78 


1912-13... 


Tr. 








.66 


.36 


.03 


2.01 


0.16 


.33 


.36 


.05 


.68 


13.42 


1913 


17.17 


1913-14... 


Tr. 


Tr. 


.03 


Tr. 


3.00 


1.66 


10.36 


7.04 


.68 


.47 


.43 


.00 


23.66 


1914 


23.91 


1914-15... 


.01 








.31 


.20 


3.73 


6.42 


6.00 


.60 


.81 


.88 


Tr. 


17.06 


1916 


16.67 


1915-16... 








Tr. 





1.35 


2.52 


13.30 


1.83 


.90 


Tr. 


.03 





19.92 


1916 


23.29 


1916-17... 





Tr. 


.77 


2.71 


.00 


3.67 




































""•' 


'J * ' 


" " ** 


BbUt f wmtn 


.24 


.28 


1.23 


6.96 


6.53 


15.80 


13.30 


13.37 


12.36 


6.06 


2.06 


1.86 


8&18 




40.29 


ytnimnTn 




















.07 





.01 


Tr. 








6.69 


.... 


4.83 


Mqui 


.01 


.03 


.14 


.72 


1.23 


X78 


3.49 


3.13 


2.99 


.94 


.44 


.08 


15.78 


.... 


15.93 
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Precipitation^ in inches, at Santa Barbara, Cal., 1867-1916. 



1867-68.. 
1868-69.. 
1800-70. . 
1870-71.. 
1871-72.. 

1872-73. . 
1873-74. . 
1874-75. . 
1875-76. . 
1876-77. . 

1877-78. . 
187g-79. . 
1879-80.. 
1880-81.. 
1881-«2.. 

1882^.. 

1883-84.. 
18W-86.. 
1885-86.. 
1886-87.. 

1887-88. . 



188^90. . 
1890-91.. 
1891-«3. . 

1892-03.. 
189a-04. . 
1804H95.. 
1895^. . 
1806-07.. 

1897-98. . 
189&-99. . 
1899-1900 
1900-01.. 
1901-02. . 

1902-03... 
1903-04. . . 
1904-05... 
1905-06... 
1906-07... 

1007-08... 
1908-09... 
1909-10... 
1910-11... 
1911-12. . . 

1012-13. . . 
1013-14. . . 
lOli-16. . . 
1015-16... 
191^17. . , 

Minimum 
Mean 



a0.02 

























Tr. 










.12 
Tr. 

.40 


Tr. 



.02 
.06 





.181 
Tr. 





Tr. 

.021 
Tr. 

Tr. 
.09 
.05 







t 

CO I O 



aO.01 





.02 



















Tr. 







'r. 





Tr. 






Tr. 
.09 




.10 


.04 





.01 
Tr. 



.11 



.01 









.05 









.44 









.03 



1.50 

.15 



1.36 





3.17 



.04 




Tr. 

7.151 



Tr. 
1.16 

.17 
2.56 

.12 

Tr. 

.17 


.05 
1.00 



7.15 

.42 







0.301 

1.04 

.09 



1.91 

.32 



.32 
.41 
.25 
1.47 

.37 
1.32 
1.02 
.19 
.39 

.31 

.07 

8.65 

.05 



.26 
.82 
.68 
.65 



1.44 

.14 
2.06 

.15 
2.42 

1.48 

Tr. 
.51 
.16 


6.23 
.20 
.57 
.29 
.28 

.28 
Tr 

.12 



2.82 



8.65 

.82 



2.31 12.67 
1.25' 4.26 



.f.5- 
.27 
1.83, 



.27 

1.30 

6.53 



1.32 


1.62 
.28 
.33 

.77 


.79 

0.84 

.87 

1.10 

5.62 

3.21 

.48 



4.27 

.07 

.07 

.77 

3.51 




1.97 
3.99 
1.16 

4.01 
.05 

Tr. 

1.14 
.35 

Tr, 

1.84 

2.34 



.21 

3.43 

.04 



.57 
1.41 
6.56; 



3.97 
3.26 

.2.5 
.». 
2 53, 



I I I 



9.S4 



1.42 



4.34 
5.2t) 


.31 



3.12 
5.16 
4.57 
9,73 
.95 



.58 
4.5i 
14. 8J 
7.66 
2 72, 



2.00 
2.12 
5.8: 
2.92 
1.81 

5.48 

3.17 

.18 

5.67 





7.17; 11.73 
6. 24^ .71 
1.30 10.86 
2.83 .30 
1.13 2.38 



.10 2.18 

2.76 6.33 

6.62 1.23 

2.47 6.12 

.86 .31 



4.43 
5.59 
10.64 
3.63 
2.43 

6.66 
2.94 
4.67 
.93 
2.92 



2.35 
.02 
Tr. 



2.24 206 

Tr. I .46 
1.53 8.73 
.07 4.20 
6.46 1246 



10.15 
.29, 

6.32; 
.45 

1.10 

4.41 
.99 
6.25 
6.84 
4.36 

.63 
4.481 
2. .32 
4.86 
1.36 



1.80 
2.48 
0.53 
.75 
2.33 

Tr. 

2.71 

4.38 

4.06 

6.12 



4.20 
16.67 

2.01 

14.21 

.42 

3.14 
16.01 

4.94 
17.24 



292 
0. 

.07 
1.10 
8.64 

1.30 
1.29 
2.96 
7.92 
255 

3.10 
.76 
.67 


3.65 

1.39 


.05 
3.65, 

4.40 

1.63' 

A.m 

8.22 

3.67, 

2.34 

6.96 

7.92 

.08 

4.92 



6.68 
7.30 
&03 
1.89 



2 78 

1.58 

.16 

289 

6.12 
4.40 
6.40 
9.96 
6.64 

.21 
6.91 
3.62 
7.76 
9.48 

.64 
.95 
1.16 
1.71 



12.67 

' 

8.27 



17.24, 11.73 9.96 
.25! .02 
4.68, 3.56 2.92 



L08' 

4.22 

.83 



.05 

.78, 



273 



2 47 
.34 
1.15 
1.25 
6.74 

3.64 
9.77 

.35 
2.08 

.13 

3.86 
7.31 
1.10 
1.56 
2.95 

7.80 
.29 
1.00 
2.37 
2.73 



2.44 

.46 
.00 
202 
1.80, 

oj 

.28 
.10 
.27 

.18, 

3.34' 
1.60 
5.73 
.59, 
1.63| 

.»' 

260 
3.00, 
3.40 

1.43 

.16 
.49 
.31 
1.57, 
.46 



0.72 
.20 
.74, 
.3: 



.14 




.45, 



.21 






I 

.38, 
.24 
.46, 
1.78 
.02 

Tr. 

.64 

.42 

2.07 

1.40 

2.91 
1.89 
.51 
.83 

.27 

.49 


.39 
1.02 
2.12 

1.04 
.70 
.97 
.30 



2.79 
.39 


.33 

.02 
.76 
.18 
.30 
1.12 

.09 
.91 
.02 
.06 


L25 


L90 
.34 
.07 

.27 

.09 
1.44 
240 
Tr. 

.20 
.08 

.081 



.19 



1.67 
Tr. 



6.73 



1.14 



279 

.44 







0.07 



.14 







.07 




.20 

.35 

1.62 





Tr. 
.13 
.06 







.05 
.05 





.78 
.01 
.10 



.02 


.05 
Tr. 
.16 


.08 



.061 
Tr. 



"25.221868 
15. 77 18G0 
10. 27 1870 
&91 1871 
14.041872 

la 521873 
14.44 1874 
18. 71 1876 
23.07.1876 
4.40.1877 

20.5111878 
13.681870 
25.04 1880 
16.231881 
14.27|1882 

13.411883 
34.47,1884 
13.081885 
24.24,1886 
12.001887 

21.7111888 
21.681880 
32.431880 
17.861891 
la 76 1802 

2& 97 1803 
7.021894 
16.84 1806 
13.371896 
1&6(N1807 

4.901896 
1X351800 
12.661000 
16.4^1001 
14.211008 



L21] 



Tr. 



1.62 

.10 



2a 74 1003 
11.681004 
20.641005 
22 701006 
27. 72 1007 

10.2l|l008 



36.20 
10.62 
31.04 
14.35 



1000 
1010 
1011 
1012 



12681013 
31.62,1014 
21.251016 
26.001016 



36.29 
4.49 
18.64 



15.72 
11.78 
11.47 
14.67 

lasT 

11.64 
1212 
22.34 
16.55 
&61 

30.55 
14.70 
29.30 
8.16 
12.32 

16u25 
38.82 
17.16 
13.86 
17.00 

96.80 
32.77 
15.49 
14.38 
10L37 

10.61 
10.00 

11. eo 

18.87 
12.10 

7.22 
15.06 
10.50 
16.27 
17.86 

13.06 
20.82 
21.08 
27.97 
28.98 

16.88 
43.23 

10.05 
9a74 
14.00 

18.66 
20.64 
21. 4& 
S2.19 



43.23 
7.22 
18w60 



a Interpolated. 
INTEKSITY AND DISTRIBTJTIOK OF RAINFALL. 

The magnitude of the flood resulting from a given amount of 
precipitation is determined largely by the intensity of the rainfall 
and its distribution through the month. The records of the United 
States Weather Bxireau, supplemented by records from private 
parties, give the information concerning excessively heavy rainfall 
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at San Diego, Los Angeles, Squirrel Inn, and Campo, which is pre- 
sented in the following paragraphs: 

San Diego. — A self -registering rain gage was installed in San Diego 
in 1893, but was not in operation during the storms of January, 1916, 
so that the rate of fall is unknown. The total rainfall recorded from 
January 15-18, inclusive, was 2.90 inches. 

Records collected by William A. Edwards, M. D.,* give the follow- 
ing maximum records for 24 hours rainfall: 

Inches. 

Dec. 3, 1873, 10 p. m. to night of Dec. 4 2.52 

Nov. 9, 1879, morning to 8.10 p. m 2. 75 

Dec. 27, 1879, 6 a. m. to Dec. 28. 6 a. m 2.55 

Jan. 12, 1882, 3.50 a. m. to Jan. 13, 3 a. m 22. 49 

The heavy rain of December 28, 1896, was the maximum recorded 
to that date on the self-registering gage and fell at the following 
rates: 1 minute, 0.19 inch; 5 minutes, 0.32 inch; 10 minutes, 0.47 
inch; 1 horn:, 0.79 inch. 

Records in the San Diego office of the Unitecf States Weather 
Bureau show that on March 15, 1905, the rate of fall was as foUows: 
5 minutes, 0.32 inch; 10 minutes, 0.41 inch; 15 minutes, 0.58 inch; 
30 minutes, 0.74 inch; 1 hour, 0.94 inch; 2 hours, 0.95 inch. A rate 
of 1 inch in an hour has never been recorded at San Diego. 

Los Angeles. — The heaviest rainfall during January, 1916, began 
at 1.05 p.m., January 16, and ended at 9.30 a. m., January 18; the 
total for this period was 5.74 inches. From 3.17 a. m. to 3.29 a. m. 
the rate was as foDows: 5 minutes, 0.20 inch; 10 minutes, 0.42 inch,; 
15 minutes, 0.46 inch.' 

Other heavy rainfalls, occurring in 1889, have been reported by the 
Los Angeles office of the United States Weather Biureau as follows: 
From December 11,8 p. m., to December 12, 8 p. m., total rainfall 4.30 
inches. From December 24, 8 p. m., to December 25, 8 p. m., 2.72 
inches. The rainfall on December 24, from 9.45 p. m. to 10.45 p. m., 
is estimated at 1 to 1.25 inches. 

Squirrel Inn. — The total precipitation from January 14-19, inclu- 
sive, at Squirrel Inn, north of San Bernardino, on the south slope of 
the San Bernardino Mountains, at an elevation of 5,280 feet above 
sea level, was 27.80 inches, or an average of 4.63 inches for each day. 
The 24-hour precipitation January 16-17 was 16.81 inches, one of 
the heaviest for that period of time ever recorded in the United 
States, and a new record for California. 

Oampo. — A rainfall of the "Sonora" type occurred at Campo 
August 12, 1891. The total rainfall for this storm, which lasted more 

1 Reprinted in Littoral California, p. 3, from the Philadelphia Medical Journal, Oct. 11, 1902. 

* Correct; amount published in Littoral California in error. 

* Abstracted Item United States Weather Bureau Monthly Weather Review, vol. 44, No. l, p. 57, Jan- 
nary, 1916. 
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than 24 hours, was 16.10 inches, according to Mr. Archibald Campbell, 
cooperative observer. In a period of about 80 minutes the rainfall 
wae 11.50 inches. 

In the f oUowing table the daily distribution of rainf aU during the 
month of January, 1916, is compared with that of the months of 
.December, 1889, and February and March, 1884, which were the 
months of previously recorded maximum rainfall: 

Daily predpitationy in inches, for months of maximum rainfall at San Diego and Los 

Angeles, Cal. 





San Diego. 


Lo6 Angeles. 


Day. 


Decern- 
188^. 


Janu- 


Febni- 


ICarcb, 
1884.a 


Decem- 
ber. 
1880. 


Janu- 

1% 


Febru- 


March, 
1884. 


1 


0.04 




a44 

.43 
1.52 
.65 
.34 

.80 
.16 




1.11 
.77 
Tr. 
.11 


O.G0 
1.07 


1.61 
2.84 
.45 
.29 
.60 
.70 
.62 




2 




Tr. 
34 
.17 
.25 
.57 
.09 

Tr. 
.79 
.15 


Tr. 


3 


.02 
. .12 




1.78 


4 




:i7' 

.90 


1.97 


5 


0.01 


1.96 


6 


.50 
.10 


.06 
.87 
.03 
.46 


.88 


7 






.18 


8 




.41 
.29 
.17 


.16 


9 


.52 


.20 

.27 






2.67 


10 


.37 
.50 
.01 


.49 
.07 
Tr. 


.05 


11 




.02 
4.30 
.59 
.03 
.72 




12 












13 


.14 
1.18 
1.75 

.07 










14 

15 

Hi 


.53 
.00 
.95 
1.55 
.31 
.80 


.12 
1.35 

.96 
1.31 

.09 


1.39 
.35 


.38 
.04 
1.07 
4.16 
.82 
.48 


.05 
2.02 
1.38 
2.18 

.07 


1.00 
.12 


17 






.04 


18 


.02 
.01 
Tr. 
.01 


.01 


.16 
.01 
.01 


Tr. 


19 




20 










21 












22 






1.11 
1.61 
1.10 
2.72 
.51 








23 


1.13 
.44 
.53 
.05 
.03 
Tr. 




.26 


.01 
.11 
.33 
.33 
2.28 




.06 


21 


Tr. 
.21 
.22 
2.19 
.06 
.17 








25 








.10 


26 




.72 

Tr. 

.50 
.26 
.02 
.36 




.05 


27 






.51 


28 








.76 


29 






.43 




Tr. 


30 










.03 


31 


.06 












.04 

















Total 


7.71 


7.56 


9.06 


6.23 


15.80 


13.30 


13.37 


12.36 







o Total for March, 1867, was 7.88 inches, but daily record Is not available; March, 1884, was the next 
highest. 

FLOOD OF JANUARY, 1916. 

* CBBST DISCHABGE. 

The heavy storms of January, 1916, fell on ground already satu- 
rated, and the water was therefore rapidly carried into the stream 
channels. Detailed information concerning the discharge of the 
streams during these storms is given in the run-off records (pp. 40-78) 
and is summarized in the following tables, which show the crest dis- 
charge of the streams and the total run-off compared with the rainfall. 
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Crest disehargeBt in seoovid-feet, of streams in southern California for Janiwry^ 1916. 



Station. 


Date. 


Time. 


he^t 
(feet). 


Drainage 
area 


Dis. 
charge. 


Rnn^>fl 

per 
square 

mUe. 




Jan. 27 
...do 


4-6 p. m 




120 

98.6 

69.8 
43.7 

112 

135 

172 
181 

102 

102 
189 

376 

434 

12 

74.9 
3.55 
53.4 

53.4 
110 
110 
209 

57.3 
209 

209 

322 
665 

565 
189 


16,366 

023,500 

18.100 
9,870 
24.295 
27,530 

43,002 
45,500 

4,710 

15,800 
^36,300 

70,200 
75,000 
2,398 

18.600 

668 

10,600 

21,100 
14,300 
28.400 
72,100 

7,140 
24,400 

58,600 
75,000 
40,000 

96,600 
29,100 
40,000 

16,000 
30,000 

14,000 
9,550 

40,000 

7,268 

31,113 

8,150 
6,216 
18,600 


128 


reaeiTolr. 
Otay River at Lower Otay reser- 






288 


voir. 

Jamnl Creak near Otay 

Sweetwater River nearDeeoanso. 


...do.... 
...do.... 







2S9 
226 


Sweetwater Rtver near Deheea. . . 


..ido.... 






217 


Sweetwater River at Rudolph 

ranch. 
Hweet»ater R^vernear Jamacho . 


..do. .. 






204 


.. do... 






250 


Sweetwater Riverat Sweetwater 


.:.dS:..: 

Jan. 18 

Jan. 28 
Jan. 27 

...do.... 


4.30-6.80p.m 




261 


reservoir. 
San Diego River at divertfaig 


6 a. m 




46 


dam. " 
Do 


61). m 




165 


San Diego River at Oapitan 

Orande dam site. 
San Die^ River near Santee 






192 




25.1 


187 


San Di^o River at SanDlego. . . . 


...do 


7 D. m 


173 


Boulder Creek at Cuyamaoa 
reservofr. 

San Vicente Creek atmonth 

Switxer Canyon at San Dlegp 

Santa Ysabel Craek nearMeea 


...do.... 

...do.... 
...do.... 
Jan. 17 


6 p.m. 




199 


7 a. m 




248 
188 






199 


Orande. 
Do 


Jan^ 27 
Jan. 17 
Jan. 27 
...do... 


Noon 


11.0 


896 


SantaYsabel Creek nearRamona. 


9p. m 


130 


Do 


7 p. m 




258 


San Dioeuito River at CanoU 


1-^ p. m 


21.2 

15.9 
12.8 

18.0 
18.1 


241 


dam sl(!e. 
Santa ICaria Creek near Ramona . 


-do 


5 p. m 


125 


San Lois Rey River near Bfesa '< Jati. 17 


1.45 p.m 


117 


Orande. 
Do 


Jan. 27 
...do.... 


4.30 p. m 


280 


San Luis Rey River near Pala . . . 




233 


San Lois Rev River at Ocean- 


Jan. 17 

Jan. 27 
Jan. 17 
.. do. .. 




71 


Do 


9.30 p.m 




169 


Santa Ana River near Mentone . . 






154 


Santa Ana River at Ran Ber- 








nardjtao. 
Lytle Creek at San Bernardino. . 


Jan. 18 


9.40 a.m 








San Jacinto River near San 






108 

n7 

65.8 
222 


278 


Jacfaito. ^ 
San Jacinto Rivernear Elslnore.. 


Jan. 28 
Jan. 27 

Jan. 18 


11 a. m 


19.0 


195 


South Fork of San Jacinto River 


4 p. m 


145 


at Hemet reservoir. 
San Oabriel Rivernear Axusa. . . 


7 a. m 


12.0 


180 


T^oaAngeles Riverat LosAngeles. 
Lo8 Anedes River near Domlo> 

goes Junction. 
Arroyo Seoo near Pasadena 
















Jan. 17 


9J0a.m 


9.3 


16.4 


192 


ArrovD Seoo at Los Aiureles 






Sespe Creek near Sespe 


Jan. 17 




1.7 


216 











a Reported by Oeoige Cromwell, eity engineer, San Diego, (See Engineering News, vol. 76. No. 16, p. 
[ean of two estimates computed from cross sections and sbpe data. 
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Summary of runoff of streams in southern Cal'^bmiafor January^ 1916. 





Period 
(Janu- 
ary). 


rkvalnAtm 


Run^ir. 


Mean 
rainfall 


Station. 


area 


Total in 
ara-e-feet. 


Depth in 

incsieson 

drainage 

area. 


Percent 
of mean 
rainfall. 


on drain- 
age area 
January 
14 to 80 
(IndieB). 


Cottonwood Creek at Morena reservoir 


lto31 

16 to 31 

lto31 

ItoSl 

13 to 81 
lto31 
lto31 
lto31 
lto31 
lto31 
lto31 
lto3I 
lto31 

16 to 31 

14 to 31 
lto31 


120 
181 
102 
484 

12 

53w4 
110 
299 

67.8 
200 
240 
822 
466 
565 

65.8 
222 


49,200 
1U,0C0 

92,800 
213,000 

12,800 

66,400 
104,000 
257,000 

33,500 
141,000 
165,000 
201,000 
257,000 
260,000 

29,100 
148,000 


6.43 
11.55 
17.06 

9.19 
19.22 
23.29 
17.75 
16.14 
10.96 
12.68 
12.91 
n.76 
10.36 

8.92 

8.30 
12.57 






Sweetwater River at Sweetwater dam. . . . 
flan 'Dleso River at divertini? dam 


53 
62 
46 


21.8 
27.6 


flan T)fAgo River at San Diego. 


19.9 


Boulder Creek near Julian. .T 




Santa Ysabel Creek near Mesa Grande 

flantn. VsAhAl CrMk near Ramona ...... 


77 
60 
68 
52 
51 
51 
46 
43 
89 


80.8 
25.8 


San Dieguito River near Bernardo 

Santa Marlft Creek near R«ni'mf\ . .' 


23.6 
21.2 


San Luia Rey River near Mesa Grande. . . . 
San Luis Rev River near Nellie 


24.9 
25.4 


San Luis Rey River at Pala 


25.7 


Ami T.iils R«v Ri vnr at Bnnsall 


24.3 


flan T<iii<i Rev River at Oceanfdde . . . 


22.6 


South Fork of Ban Jacinto River at Hemet 
reservoir 




San Gabriel River near Asusa, 













CONDITION OF BE8BBVOIBS DT7BINO FLOOD. 
MORSVA RSSEBVOIH. 

The Morena reservoir, on Cottonwood Creek 8} miles upstream from 
the Barrett dam, has a capacity of 46,000 acre-feet. It forms a part 
of the mimicipal water-supply system of San Diego.^ 

The following is a description ^ of the flood pf January, 1916, at 
this reservoir: 

The flood brought into the reservoir a large quantity of debris which accumulated 
in front of the racks that protect the radial gates, and so choked the flow that when 
the reservoir level was 3 feet above the spillway level the flow actually passing over' 
the spillway beneath the open gates was only 3 inches deep. Under these conditions 
the water rose within 18 inches of the parapet crest and waves actually carried debris 
over the top. 

Two effects of this pressure are apparent. A downstream movement of the upper 
fBce of the dam which showed in the alignment of the parapet as about 2 or 3 inches 
at the center of the structure, and a settlement of the top of the rock fill amounting 
to 2 or 3 inches. The amount of leakage could not be observed, but Geoige Cromwell, 
city engineer of San Diego, who was at the dam during the high water, afBrmed that 
he believed such leakage as there was came through the face of the structure and not 
around the ends or from beneath. Leakage some time prior to recent storms amounted 
to 1,500,000 gallons per day. 

After going down- to the bottom of the intake tower during the height of the flood, 
Mr. Cromwell reported that structure was standing the pressure well, only slight seep- 
age appearing. The intake gates were all in working order and all were left open to 
lower the reservoir level as miich as possible. The debris was being removed by as 
large a force of men as could be readily aseembled. Orders to lower the reservoir 3 
feet below the spillway level by means of the intake gates were left at the dam. 



1 O'Sbaughnessy, M. M., Construction of the Morena rock-flU dam, San Diego County, Cal.: 
Civil Eng. Trans., vol. 75, p. 27, 1913. 
t Eng. Record, vol. 73, No. 7, p. 228, February 12, 1916. 
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A. VIEW UP LOWER OTAY RESERVOIR. AFTER FAILURE OF DAM. 
Reservoir gage in foreground. 



B. VIEW DOWNSTREAM AT SITE OF LOWER OTAY DAM, AFTER FAILURE. 

Spillway at extreme left 
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U. S. GEOLOOICAU SURVEY WATER-SUPPLY PAPER 42« PLATE III 



A. SWEETWATER DAM, AFTER FLOOD OF JANUARY. 1916. 



B. BREAK AT RIGHT END OF SWEETWATER DAM, AFTER FLOOD OF JANUARY. 1916. 
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CONDITION OF BESERVOIRS. 26 

LOWSK OTAY BXSSRVOnU 

Two reservoirs known as Upper and Lower Otay have been con- 
structed as a part of the wateor-eupply system for the city of San 
Diego. Upper Otay is at the lower end of Procter Valley and Lower 
Otay ^ is on the main stream directly south. The capacity of the for- 
mer is about 3^300 acre-feet; that of the latter about 40,000. Lower 
Otay dam was overtopped by the flood on January 27, 1916, and 
destroyed. 

The following is a description of the failure of Lower Otay dam 
by Roy A. Silent:* 

The ram on January 27 was extremely heavy, and by noon the water had risen so 
high that Mr. Weuste, in charge at the dam, deemed it advisable to open the outlet 
gate. This failed to check the rise, and it was realized that the dam would probably 
be overtopped before evening. Men were accordingly dispatched to warn residents 
in the valley to move to higher ground. Word to this effect was also sent out from 
the telephone exchange at National City. Most of the inhabitants took advantage of 
this warning. 

At 4.45 p. m. the water had reached the top of the dam and had seeped through and 
filled the boxes that were sunk in the top to allow an examination of the steel core. 
Water began running down the lower face on the east side of the dam at approximately 
4.50 p. m. About this time several spouts or small streams of water appeared on the 
lower fitce of the dam, in one instance loosening a large bowlder which rolled down to 
the bottom. From this time on, the destruction was very rapid. The lower face of 
the fi.Il quickly melted away, thus removing the support from the core wall. At 5.05 
p. m. the tension was so great that the steel diaphragm tore from the top at the center, 
and the dam opened outward like a pair of gates. The released water rushed through 
and filled the canyon to a point approximately 20 feet below the top of the dam. It 
required 2) hours for the reservoir to empty. 

A huge wall of water, variously described as from 6 to 20 feet high, rushed down the 
vaUey, covering the distance from the dam site to Palm City, about 10 miles, in 48 
minutes, carrying all before it. * * * 

A thorough examination of the dam site was made on January 31 and February 1. 
Practically all the fill was washed completely away. The steel core was deposited 
in var3ringHnzed sections along the valley, a large part being found at Palm City, 10 
miles below the dam. The core wall had torn itself loose from both of the side walls, 
the foundations remaining intact. * * * 

. Three^iuarterB of a mile below where the dam had stood a piece of the diaphragm 
was observed, to which the angle iron forming the bottom of the steel plate was riveted, 
showing that the extreme bottom had been torn loose. On the west side, behind the 
remaining core wall, was a small part of the fill, composed of rock of small sizes, none 
of which was over 1^ feet in diameter and grading from that size to coarse gravel. If 
this may be considered a faur sample of the remainder of the fill, it is easy to under- 
stand its melting away as rapidly as described. 

The canyon below the dam, prior to the failure, was considerably restricted and 
filled with large boulders. The action of the water removed all the loose rock and 
th<M^ughly stripped to bedrock both sides of the canyon as high as the water reached, 
the line of demarcation being clearly defined. The stripping was done in a most 
thorough manner, no particle of soil remaining in any of the niches or crevasses. 
This area was heavily wooded with brush. [See PI. II, B.] 

« Sdiuyler, J. D., Bc s ogv olra for IrrjgBtiaii: U. S. Qeol. Survey Eighteenth Ann. Rept., pt. 4, pp. 637-<M0^ 
1K07. 
s Eng. News, vol. 75, No. 7, pp. 334-338, February 17, 1916. 
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An interesting feature was obaerved in that for half a mile below the dam in practi- 
cally every pocket or niche in the rock was to be found a rivet head . An examination 
of the remaining parts of the steel core showed it to be in a x)erfect state of preservation, 
no rust or corrosion being noticeable. The destruction of the plate for the most jMurt 
had taken place along the riveted seams, though one or two cases in which the sheets 
had torn were observed. 

Other accounts of the failure have also been published.^ 

SWBBTWATSR RBSERVOIR. 

The celebrated Sweetwater masonry dam is on Sweetwater River 
about 8 miles above its moutih at an elevation of 145 feet.^ 

The following description of the breaks in Sweetwater reservoir 
was prepared from information supplied by Mr. J. F. Covert, chief 
engineer, Sweetwater Water Co. :^ 

On January 27 the flow into the reservoir exceeded the combined capacity of spill- 
way and blow-off valves, and the level behind the dam raised until the parapet was 
overtopped at 2.20 p. m. At 4.30 p. m the flow over the parapet had increased to a 
depth of 3.5 feet, and the 50-foot length of earth-fill dike at the north end of the struc- 
ture was overtopped. The water washed away this fill, broke the concrete-core wall, 
and cut a by-paas around the dam through the bedrock foimdation. The break is 
about 75 feet wide, with a maximum depth of 30 feet below the level of parapet. [See 
PI. III.] 

This break was made by degrees, no water appearing below the dike imtil it was 
actually overtopped, and the cutting into the foundation was gradual. At 7 p. m. 
the reservoir level was lowered only 0.3 foot. Water flowed over the parapet about 
seven hours after the break occurred, it Ib believed, which would mean that the flood 
continued to overtop the dam for about nine hours. 

An earthen dike 650 feet long stood some distance from the dam, where a low point 
In the ridge occurred. This dike had a puddled-clay core and was 23 feet high at its 
mid-point. At 3.50 p. m. on the day of the flood peak the water level reached the 
top of this dike and began to spill over the downstream slope. This melted as the 
water continued to rise, and when the flood subsided the dike had been swept out 
cleanly except for about 10 feet of its length. The material on which the dike stood 
was eroded by the outpouring water to such an extent that the reservoir rim at this 
point is now 15 feet below the spillway level. * 

cxrrAMACA assx&vom. 

Cuyamaca reservoir is formed by an earthen dam on Boulder 
Creek, a tributary of San Diego River. The capacity given by a 
35-foot dam is 11,400 acre-feet.* 

The effect of the flood on this reservoir has been described as 
follows:' 

The impending danger of the recent flood was realized in time to draw down the 
Cuyamaca reservoir considerably. In fact, the amount drawn off by the blow-off 

1 Eng. News, vol. 75, No. 5, pp. 236-239, Feb. 3, 1916; Eng. Record, vol. 73, No. 7, p. 226, Feb. 12, 1916. 

s Schuyler, J. D., Reservoirs (or irrigation: X7. S. Oeol. Survey Eighteenth Aim. Rept., pt. 4, pp. 66»- 
682, 1807; also details of design and last increase in height, in Eng. Record, Sept. 2, 1911, p. 264. 

s Eng. Reoord, vol. 73, No. 7, p. 225, Feb. 12, 1916. 

« Schuyler, J. D., Reservoirs for irrigation: U. S. Oeol. Survey Eighteenth Ann. Rept., pt. 4, pp. 608- 
700,1807. 

» Eng. Reoord, vol. 73, No. 7, p. 228, Feb. 12, 1916. 
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DAMAGE DUE TO FLOOD. 



27 



vatve timnigli the dam was about 1,000,000,000 gallons. The peak of the flood brought 
the reservoir level up to within 14 inches of the crest of the dam, with both spillways 
flowing over 4 feet deep. A few washouts on the conduit constituted the only dam- 
age suffered by this system, which includes, in addition to the Guyamaca dam, three 
smaller reservoiiB om tributaries of the San Diego River. 

BAKAaB BXnB TO FLOOD. 

An inventory of the damage in Los Angeles, San Bernardino, River- 
side, Orange, and San Di^o counties, believed to be practically 
complete except for minor losses, is given in the following pages. 
Every effort was made to obtain the best information available, and 
all public officials, engineers, and others to whom requests were made 
for estimates regarding losses in their departments or business gave 
hearty cooperation. A number of the statements were prepared 
within a few months after the storms, and hence were based upon 
estimated costs rather than actual expenditures. The loss of life was 
determined from reports obtained from the coroners of each county. 
The total direct damage is estimated at about $10,000,000. This 
estimate is based on the best available information, which is summa- 
rized in the following table: 

Stanmary of flood damage in aotUhem Caltfomia January, 1916. 



Gbaxacter of damage. 


San Diego 
County. 


Orange 
County. 


County. 


San 

BernanUno 

County. 


L08 

Angelfls 
County. 


Total. 


Idv«s]o8t 


22 

$1,500,000 

72,8Ba 

1,225,600 


4 

1360,000 

3^000 

67,000 




t360,000 

60,000 

67,460 


2 

1150,000 




1600,000 

19,000 


28 


Agriealtnral lands 


12,860,000 

173 850 

1,349,950 

96 165 

1,795,201 

1,272,218 

126,100 


Ifanfdpftl r . 


Watcir supply 




Power plants 


94,566 


1,600 


Kallroailiv <■ 








Hidiwaysandbridns 

TMMfrADli and totoDhono linos **■ 


652,350 


81,500 


128,600 


166,130 


254,688 


MboelHinw™!. . . 


231,427 




9,000 


200 




240,627 









a The damage to raUroads and telegraph and telephone llnee was not reported fai such shape that it 
oould be segregirted by counties. 

LOSS OF UFE. 

Twenty-two persons were drowned in San Diego County. Most 
of them were living in Otay Valley and were swept away by the 
flood wave which was released from Lower Otay reservoir when the 
dam failed. A few lives were lost in Mission Valley, on San Luis 
Rey River. In Orange Coimty four persons were drowned; two 
were in a cottage which floated down Santa Ana River, one was swept 
from the highway by the force of the water, and the other was in a 
wagon which was overturned. Li San Bernardino County two men 
were drowned. No deaths were reported in Riverside and Los 
Angeles counties. 
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AO&ZOULTVRAL LANDS. 

,San Diego County. — ^The valley lands along Tia Juana, Otay, Sweet- 
water, San Di^o, San Dieguito, and San Luis Rey rivers were 
flooded. A large part of the bottom land was either cut up by new 
stream channels or covered with a large amount of sand, brush, and 
trees. A part of the land in each vaUey was quickly cleared, but 
there is a large area redaimable only by large expenditures of time 
and money, and there are other large areas whose agricultural value 
was almost completely destroyed. An example is afforded by a 
tract of land in Otay Valley formerly used as a truck garden and 
valued at $1,000 per acre; after the flood 11 acres of this land were 
sold at a foreclosure sale for $100. The total damage to farm land was 
approximately $1,500,000. (See Pis. IV, V, VI.) 

Orange County. — ^The total damage to agricultural lands in Orange 
County was approximately $350,000. 

Riverside County. — The damage to lands in Riverside County is 
believed to have been at least $350,000. 

San Bernardino County. — ^The damage to orange groves in San Ber- 
nardino County wfiis considerable, and a number of the alfalfa ranches 
were practically ruined. The total damage was about $150,000. 

Los Angeles County. — The principal injury to lands in Los Angeles 
County resulted from deposits of silt and the cutting of new stream 
channels. The damage was approximately $500,000. 

XinnCXPAL PROPERTY. 

San Diego. — ^The 300-foot concrete arch bridge across San Diego 
River at Old Town was wrecked (see PI. VII, A) and five other 
bridges and numerous culverts were destroyed or seriously injured. 
The streets and roads in various parts of the city were washed or 
covered with debris. An approximate estimate of the total damage 
was $72,850. 

San Bernardino. — ^The water main and several small pipe lines 
were washed out; two bridges were completely destroyed; and several 
sidewalks, curbs, and streets were damaged or destroyed. In addition 
several houses were washed away. The total damage was approxi- 
mately $32,000. 

San JoAyinto. — ^The damage to the water-supply systems, streets, 
and private property within the city limits was approximately 
$50,000. 

Pomona. — ^The principal damage resulted from washes and fills 
in the streets. The estimated cost of repairs was $15,000. 

Pasadena. — ^The damage to street improvements amounted to about 
$1,000, but otherwise there was no loss within the city. 
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A. VIEW UP MISSION VALLEY, SAN LUIS REY RIVER, IN 1915. 



B, VIEW UP MISSION VALLEY, SAN LUIS REY RIVER, FEBRUARY 21, 1916, 
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A. VIEW ACROSS MISSION VALLEY. SAN LUIS REY RIVER, AT D. JONES'S RANCH, AFTER FLOOD OF 

JANUARY. 1916 



B. VIEW UP SAN LUIS REY RIVER AT JUNCTION WITH MOOSA CANYON CREEK, AFTER FLOOD 

OF JANUARY, 1916. 
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DAMAGE DUE TO FLOOD. 29 

Lo8 Angeles. — ^A few imimportant wooden bridges were washed 
out and new channels formed. The damage was reparable at a 
cost of $3,000, which includes the removal of debris that collected 
at pile bents of several bridges. 

WATX& SUPPLY. 

OUy of San Diego. — ^The failure of Lower Otay dam and the loss 
of the stored water was the most important damage (PI. II). About 
18 miles of Dulzura conduit was filled with d6bris and 2,800 feet of 
flume and concrete-lined section was destroyed. The road up Cotton- 
wood Creek to Morena was seriously washed and blocked by slides. 
The washout of the pipe line across Sweetwater Valley prevented the 
delivery of water from this system. The loss of wdls, piunps, and 
collecting pipe lines at the Mission Valley plant shut off the supply 
from this source. The total estimated damage was $897,500. 

Srveetwater Water Co. — ^The north abutment of Sweetwater dam, 
consisting of a concrete-paved earth fill with reinforced concrete core 
wall, was overtopped to a depth of 3.64 feet and destroyed. The 
released water eroded the bedrock foimdation at this end of the 
dam, leaving an opening about 50 feet deep and 100 feet long. Slight 
damages to the south abutment and spillway did not reduce the 
capacity of the reservoir. An earth dike, 650 feet long and 23 feet 
high, on the south side of the reservoir, about a mile above the dam, 
was overtopped and completely washed out. These breaks reduced 
the capacity of the reservoir from 35,000 acre-feet to 12,000 acre-feet. 
Temporary repairs increased the reservoir capacity to 25,000 acre- 
feet. In Sweetwater Valley 15,140 feet of pipe lines were washed out 
and other sections shifted or filled with sand. An approximate 
estimate of the cost of necessary repairs and enlarged spillway was 
$200,000. (See PL III, p. 25.) 

Ouyamaca Water Co. — ^The principal damage was the loss of flume 
along upper San Di^o River. TTie estimated cost of repairs to 
flume and pumping plants was $60,000. 

South Coast Land Co. — ^The water supply for the town of Del Mar 
is obtained from wells on Santa Fe ranch in San Dieguito VaUey, 6 
miles above the mouth of the river. This pipe line was practically 
washed out. The new pipe hue, completed about the middle of May, 
follows a new course along the foot hills. 

The high water on January 17 did not damage the steam pumping 
plant in San Luis Rey Valley, but that of January 27 completely 
wrecked this plant and 2,000 feet of 16-inch pipe. Only one small 
section of the concrete building remained above the sand after the 
flood. The boilers were found 50 feet from their original position 
and covered with 30 feet of sand. The total damage to property 
of this company was about $60,000. 
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Escondido Mutual Water Co. — ^The principal damage was caused 
by slides which either filled or destroyed sections of the canal. About 
8,000 yards of rock and earth were removed from the canal. Repairs 
were completed April 18 at a cost of about $8,000. 

Temescal Water Co. — ^The main pipe lines and ditches were but 
slightly damaged. The loss on the tributary hues was much greater. 
In Mahew Canyon, 1,100 feet of 8-inch pipe was washed out. The 
dam at Lee Lake in Temescal Canyon failed, and a mile or more of 
18-inch pipe hue below the dam was washed out. The total damage 
was about $13,750. 

Riverside Water Co. — The damage reported, including the rebuilding 
of the headworks, was approximately $10,000. 

Lake Hemet Water Co. — ^The damage to headworks, canal, and pipe 
lines was itbout $43,700. 

Anaheim Union Water Co. — ^The concrete head gate was under- 
mined and washed out, several thousand feet of main canal were 
seriously injured, and considerable damage was done to the distribu- 
tion system and roads. The total damage was about $57,000.^ 

POWER PLAVTS. 

Pacific Light db Power Corporation. — ^The Mentone plant on Santa 
Ana River was stopped on January 17 and started April 1. The 
masonry diversion dam, two masonry sand boxes, and 400 feet of 
concrete-lined canal were wrecked. A comer of the power plant was 
undermined, but the building was iminjured. The semicircular wood 
stave flume crossing the river from power house to North Fork ditch 
was completely carried away. The road up the canyon to the intake 
was practically all washed out. The transmission line was damaged 
but Uttle, as it was on high groimd. The total cost of repairs to this 
plant was $25,000. 

The intake and 200 feet of pipe line were washed but at the Sierra 
plant on San Antonio Creek, as was also the road up San Antonio 
Canyon. The total cost of repairs was $1,600. 

Southern California Edison Co. — ^The headworks and flume No. 8 
at Santa Ana River plant No. 1 were destroyed, the buildings were 
seriously damaged, and a large amount of debris was deposited in 
the tailrace and on the floor of the power house. The siphon across 
Santa Ana River from the tailrace of plant No. 1 to intake of plant 
No. 2 collapsed. Plant No. 2 was not otherwise damaged, although 
a severe wash threatened to undermine the power house. The flume 
across the wash between Mill Creek power houses Nos. 2 and 3 was 
completely wrecked, and the pressure pipe line was washed out in 
several places. There were ako minor damages to the headworks 
and various sections of flume on the canal lines. The intake for the 

1 Txom report to dJreotocs and otooklioldcn on ooostrootion work for 1916. 
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A, WINSTON RANCH. MISSION VALLEY, SAN LUIS REY RIVER, FEBRUARY 21, 1916. 



B. CANFIELD RANCH, NEAR BONSALL, SAN LUIS REY RIVER, FEBRUARY 21, 1916. 
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A. SAN DIEGO RIVER AT SAN DIEGO, AFTER FLOOD OF JANUARY. 1916. 
Showing damage to county and Atchison, Topeka & Santa F« Railway bridges. 



B, SANTA MARGARITA RIVER NEAR MOUTH, AFTER FLOOD OF JANUARY, 1916. 

Showing damage to State highway and Atchison, Topeka & Santa Fe Railway bridges. 
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Lytle Creek plant was seriously injiired and the tailrace siphon was 
destroyed. Many of the wooden poles in the transmission line down 
Santa Ana Canyon were washed out. Several towers were also un- 
dermined along lower Santa Ana, San Gabriel, and Los Angeles rivers. 
The damage to the entire system was approximately $56,200. 

Southern Sierras Power Co, — ^The damage to the system of the 
Southern Sierras PowerCo. was principally confined to the transmission 
lines. Temporary repairs were completed in three days. The esti- 
mated damage was $13,365. 

bahjloads. 

AtchisoUy TopeTca db Santa Fe Railway Co. — ^The greatest damage 
to property belonging to the Santa Fe Railway Co. was on the line 
between Los Angeles and San Diego, where several miles of track, 
including many bridges and trestles, were entirely washed out. On 
the Fallbrook branch, which is 18 miles long, 4,500 feet of bridges 
was lost, 6^ miles of track disappeared, 4^ miles was washed off 
roadbed, and 4^ miles covered with sand. The damage in the other 
districts was less severe. Traffic was restored on the double track 
between San Bernardino and Barstow February 2; between San Ber- 
nardino and Redlands February 3 ; and on Temecula brandi Febru- 
ary 29. The line between Los Angeles and San Diego, including 
Escondido branch, was restored to traffic February 19. An approxi- 
mate estimate of the total damage, made shortly after the flood, was 
$1,000,000. This estimate was based simply on replacing the track 
and roadbed to its original position and did not take into account 
any work that will be necessary to protect the track from future 
floods. (See Pis. VII and VIII, A,) 

Southern Pacific Co.— ^The damage to the Southern Pacific system 
was estimated at $216,000. The first through eastboimd passenger 
train after the flood left Los Angeles January 30, was held at 
Colton until 6.20 p. m. the following night and arrived at Yuma, 
Ariz., at 7.59 p. m. February 1. The first westbound passenger 
train after the flood reached Los Angeles at 1 a. m. February 1. The 
Tustin branch was opened to traffic February 7. The coast and 
valley lines north of Los Angeles were not seriously damaged. 

Los Angeles db Salt Lake Railroad Co. — ^The excessive run-off began 
to weaken the structures on the Salt Lake line on January 17. In the 
Pasadena district traffic was delayed until January 21 ; in the first 
district — ^Los Angeles to Riverside — ^until January 22 ; and in the San 
Pedro district until January 28. Several bridges were injured and 
track was badly washed in many places. The total estimated cost of 
the repairs necessary to restore the lines in Los Angeles and River- 
side counties was $50,000. 
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Pacific Electric Railvxiy Co. — ^This company, in addition to its 
city lines, controls an extensive suburban system extending in all 
directions from Los Angeles. It serves parts of Los Angeles, San 
Bernardino, Riverside, and Orange counties. There were many 
interruptions to traffic during the flood period caused by washouts, 
flooded tracks, slides, and injury to bridges. Through traffic to 
Los Angeles over the Riverside-Rialto Une, stopped by the loss of 
the Santa Ana bridge on January 17, was not completely resumed 
imtil March 3. Through service on the San Pedro-Los Angeles line 
was resinned January 31. The Newport line was not restored at 
Signal Hill imtil April 5 and was then operated with a single track 
until May 19. The total damage to property of this company was 
about $141,575. 

San Diego dk Southeastern Railvxiy Co. — ^The total trackage of this 
company, including sidings and spurs, was 92.99 miles. The flood 
washed out 19.65 miles, or more than 21 per cent of the total track. 
The damage to the eastern division was caused principally by the 
floods on San Vicente Creek and San Diego River. All tracks in the 
Sweetwater Valley were washed out by the water released from 
Sweetwater reservoir after the break in the upper section of the dam. 
The failure of the Lower Otay dam resulted in the loss of all tracks 
in Otay Valley. The total estimated damage in the eastern and 
southern divisions was $318,626, including $30,000 for rolling stock. 

Los Angeles <b San Diego Bea>ck Railway Co. — ^This road is within 
the city limits of San Diego. The damage included a trestle bridge 
872 feet long and 2,700 yards of fill. The cost of the repair work was 
$14,000. Service was partly interrupted from January 11 to Feb- 
ruary 29, and wholly from January 29 to February 11. 

8a/n Diego <Sb Arizona Railvxiy Co. — ^The damage to this road 
resulted from the failure of the Lower Otay dam and the break in the 
Sweetwater dam. The cost of replacement and repairs to grade, 
track, cxilverts, and bridges was estimated at approximately $55,000. 

HXOKWAYS AITD B&IDOX8. 

Sa/n Diego County. — ^Practically all important bridges in the county 
were washed out or became useless on account of changes in the 
channels of the streams. (See PI. IX.) All roads were badly washed 
and some sections will require relocation when permanent repairs are 
made. SUdes were numerous in the moimtain districts, and all travel 
stopped until temporary repairs coxild be made. The estimated dam- 
age to county highways was $370,000 and to bridges, $225,000. The 
State highway to San Diego was closed imtil the middle of March. 
Several bridges or their approaches, including those across Santa 
Margarita Creek (PI. VII, B), San Luis Key River (700-foot lein- 
foroed-concrete arch bridge, PL VIII, A), and San Dieguito River, 
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A. >i\E>N UP SAN LUIS REY RIVER FROM MOUTH, AFTER FLOOD OF JANUARY, 1916. 
Showing damage to Atchison, Topska ic Santa Fa Railway and State highway bridges. 



B, DEBRIS ON BEACH AT OCEANSIDE AND DELTA BUILT UP BY SAN LUIS REY RIVER, AFTER 
FLOOD OF JANUARY. 1916. 
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A. HIGHWAY BRIDGE ACROSS SAN LUIS REY RIVER AT PALA, BEFORE FLOOD OF JANUARY, 1916. 



B. WRECK OF HIGHWAY BRIDGE ACROSS SAN LUIS REY RIVER AT PALA. AFTER FLOOD OF 

JANUARY, 1916. 
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were destroyed. Except for slight damage to shoulders and a few 
culvertS; the concrete roadway was not injured . The damage to State 
highway, including repairs made during the storms/was about $57,350. 

Orange CovmJty. — Almost the entire mileage of mountam roads will 
have to be rebuilt, as the grades were badly washed or buried by 
sUdes. The other graded and oiled roads were slightly damaged by 
deposits of d6bris and occasional washouts. The injury caused by 
xmdermining asid shoulder cutting of paved highway was nominal. 
The loss of bridges was not considered, as they were old wooden 
structures which should have been replaced. The total damage was 
about $45,000. In addition, the State highway loss was approxi- 
mately $36,500, including repairs made during the storms. 

Riverside CourUy. — The damage to 15 bridges, including 4 across 
Santa Ana River, was about $78,100. Several roads were badly 
washed out and the loss was approximately $32,000. The injury to 
State highway, including repairs made during the storms, was about 
$18,500. 

San Bernardino County, — Nearly 40 bridges, including 3 across 
Santa Ana River, were washed out or damaged. The cost of replace- 
ment and repairs was about $67,524. The roads in every section of 
the county were seriously damaged. On Turner Avenue, Cuca- 
monga, the entire street was washed out from 4 to 12 feet in depth 
for a distance of 4^ miles. Cajon and Mill Creek roads were badly 
washed and required extensive repairs. The damage to roads and 
culverts was about $80,656. The injury to State highways, including 
repairs made during the storms, was about $6,950. 

Los Angeles County. — ^The estimated damage to roads and bridges 
was $228,388. In addition, the State highway loss, including repairs 
made during the storms, was about $26,250. A slide in section B, 
route 4, made it necessary to relocate the road. 

TSLBQ&APH AHD TBLEPHOHB LZHSS. 

Western Union Telegraph Co. — ^Practically aU through lines were 
damaged by washouts at the principal stream crossings. Service 
was interrupted four days at the San Gabriel crossmg, and the San 
Diego line closed for approximately a week. The total damage was 
about $23,500. 

Postal TelegrapJi- Cable Co. — ^The main lines to San Francisco, San 
Diego, and tiie East were damaged and service interrupted. The 
Los Angeles-San Diego line was washed out at practically every river 
crossing and at numerous other points. Service between Los Angeles 
and San Diego was stopped for nearly a week, and the other lines 
were closed from one to three days. The total cost of repairs was 
about $5,000. 

106922**— 18— W8P 426 3 
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Pacific Telephone <k Telegraph Co. — ^The cost of reconstructing 
exchange lines, various sections of toll lines, and river crossings, 
either destroyed or rendered unsafe, was $97,600. Service, particu- 
larly over toll lines, was more or less interrupted for a period of 
approximately 606 hours. 

XISCELLAXnSOTm DAXAGBS. 

San Diego Consolidated Gas dh Electric Co, — ^The transmission lines 
and distribution system along San Diego River were washed out from 
El Monte to False Bay. There were also extensive washouts along 
Sweetwater River at Jamacho and from Sweetwater dam to San 
Diego Bay, on Otay River from Otay dam to San Diego Bay, and 
along Tia Juana River from Tia Juana to the Pacific Ocean. The 
principal damage was the loss of wood pole lines, copper wire, trans- 
formers, aad miscellaneous electric-line material. The service in San 
Diego and immediate vicinity was not seriously interrupted. The 
lines to the more important towns were reestablished within two 
weeks, but some of the remote farming districts were without electric 
service for six weeks or more. The total damage to the gas and 
electric departments, corrected for value of salvaged material, was 
$70,527. 

Western SdU Co. — ^The losses consisted of 170 acres of salt ground 
(which was covered with a deep deposit of silt), 2,500 tons of salt, 
a large quantity of brine in the ponds, and injury to machinery. 
The total damage was given as $85,500. 

Fenton-SumptuynrBames Co. — ^This company operates a gravel- wash- 
ing plant in Otay Valley, about a mUe from San Di^o Bay. This 
plant was a complete loss, for after the flood there was not an indica- 
tion on the surface to show its location. The value of this equipment 
was $35,000. In addition, the soil was entirely removed from 100 
acres of bottom land which had been purchased for about $450 per 
acre. The business loss was complete from January 27 to May 1. 

Indian reservations. — ^There was considerable damage to irrigation 
systems, buildings, and other improvements. In San Diego County 
the loss was approximately $38,000 and in Riverside County about 
$9,000. 

Los Angeles Harbor. — ^About 2,030,000 yards of silt was deposited 
in the channels during the flood. These deposits did not reach the 
outer harbor or even the main turning basin and maui entrance chan- 
nel to an extent sufficient to tuterf ere with conmierce or require inune- 
diate dredging. At the extreme head of the harbor a channel 
reopened by a private corporation was filled with silt. There was 
also considerable silting in the East Basin channel. 

Long Beach Harbor. — ^Navigation was greatly inconvenienced by 
very heavy silting in the different channels and basins. The total 
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deposit of silt was about 1,000,000 yards. The indirect damage to 
the various industries in the harbor district was probably much greater 
than the expenditures which will be necessary for dredging. 

United States Geological Survey. — At the time of the flood the 
Survey was maintaining 23 river-measurement stations in the region 
covered by this report. All these stations were seriously damaged. 
The following equipment was lost : Six water-stage recorders, including 
wells and shelters; 17 staff gages; 10 cars and cables; and 8 concrete 
controls. In reequipping the stations it' was found necessary, on 
account of great changes in the stream channels, to relocate two 
stations and abandon six. The total damage to equipment was 
about S2,600. 

COMPABISON OF FLOOD OF 1916 WITH PBEVIOTTS FLOODS IN 
SOUTHJS&N CALIFO&NIA. 

BASm OF COMPABIBOH. 

To determine whether the flood of 1916 was more or less severe than 
previous floods in southern California, a search was made of the early 
records, and many old residents of the country were interviewed. The 
results of this work are summarized in the following pages. Of par- 
ticular interest is the record of wet and dry years, compiled by Mr. A. 
Campbell, who has lived in San Diego County since 1869. Information 
as to conditions in most of the years prior to 1840 was taken from 
records of the Mission Fathers. 



1770 Drought. 

1786 Copious rainfall. 

1787 Rainfall insufficient; crops 

short. 
1791 Extremely dry; no rain for 

whole year. 
1794 Rainfall insufficient; crops 

short. 

1795 Very dry. 

1811 Flood year. 

1815 Flood year. 

1819 Short in rain and crops. 

1825 Great flood changed course of 

Santa Ana River. 
18261 

1827 1 Dry years (Gen. Vallejos.) 

1828] 

1832 Short in rain and crops. 

1840-41 Dryest year ever known. 

1841-42 Wettest year ever known. 

1842-43 Very open and dry. 

1843-44 Very dry; no grain grown in 

Sacramento Valley 
1846 Drought. 



1845-46 Wet in north; dry in southern 

California; cattle starved. 

1846-47 Considerable rain ; crops good. 

1848-49 Most snowy winter known; 

rainftdl moderate. 

1849-50 One of the wettest and most 

floody winters. 

1850-51 Open; rainfall moderate. 

1853 Big floods and snow. 

1850-1856. .Flood and good years. 

1856-57 Dryest in 20 years. 

1867-1862. .Medium rainfalls. 

1862-63.... Dry years. 

1863-1869. -AH good wet years. 

1869 A very exceptional year. In 

October the thermometer 
registered 110^, and a rain- 
fall in December is esti- 
mated at 12 inches in 24 
hours. 

1869-70 Dry season. 

1870-71 Dry season. 

1872-74 Fairly wet seasons. 

1876-76 Good rainfall. 
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1876-77 Dry Beascm. 1895-6-7 . . .Three good wet years. 

1877-1882. .Good aeoBODB. 1897-1900. .Three dry years. 

1882-83 Dry years. 1901-1910. .Fairly good wet years. 

1883-84 Wettest winter known. 1910-1913. .Dry years at end of season. 

1885-1893 . . Series of good years. . 1912-13 Dry year. 

1893-94 . . . -Short rainfall. 

The following additional information was obtained from "A history 
of California floods and dronghts/' by J. M. Guinn: 

1822. A flood covered the lowlands and rose to a greater height than ever before known. 

1851-52. A severe flood year in southern California. At Old Fort Miller on head- 
waters of San Joaquin River, Dr. W. T. Edgar, surgeon of the post, observed a rain- 
fall of 46 inches during January and February, 1852. 

1862. Santa Ana River at Anaheim ran 4 feet deep and spread in an unbroken sheet 
to Coyote Hills, 3 miles beyond. It rained 30 days in succession, beginning Decem- 
ber 24, 1861. 

VLOODS Oir T3JL JV JJfA BZVB&. 

Information concerning early floods on Tia Juana River was 
also furnished by Mr. Campbell^ who considers the flood of 1884 the 
greatest in total run-off that has occurred during this time. The 
peak of that flood, however, was not so great as the peaks of the 
floods of 1891 and 1916, the only years in which, since 1869, water 
from Tia Juana River overflowed into the Otay drainage basin. In 
February, 1891, snow was above the fences at Mr. Campbell's ranch 
in Laguna Mountain divide, and one drift was 21 feet deep. This 
snow melted during a five days' rain. The lower Tia Juana Valley 
was flooded about as much in 1891, when the large hotel at Hot 
Springs, Mexico, was washed away, as in 1916. In comparing these 
floods the effect of storage at Morena reservoir in 1916 should be 
considered. 

SWEZTWATXB BXVBB. 

Mr. C. H. Ellis, sr., who has lived near'Descanso for 35 years, 
states that the floods of 1884 and 1916 were the largest on Sweet- 
water River within that period. At the site of the Geological Survey 
gaging station the water rose 3 to 4 feet higher in 1916 than in 1884. 
In 1916 the channel was wider and at least 2 feet deeper than in 
1884. It is his opinion that the flood of 1916 was approximately 
double that of 1884. 

The information presented in the following table was taken from 
a copy of the diary of the late William S. Gregg, Dehesa, Cal. : 



Digitized by 



Google 



00MPARI80N WITH PREVIOUS FLOODS. 
Record of flood of 1884- 



37 



Date. 


Rain. 
fttU. 


Remarks. 


Date. 


Rain, 
foil. 


Remarks. 


1884. 


/iiekM. 




1884. 


Inckn, 




FBb. 3-3 


2 


River came with flood Feb. 


Mar. 27 










3. (Total rainfaU. October 
todate,l01iidMS.) 


28 


1 








20 






6 


11 




30-31 




River rosealittle. 


6 


2' 




Apr. 10 . 


1 




7 


\ 




12-13 






10-11 


r 


River rising. 


16 


(•) 




16 


\\ 


C0W8 over the river, cant 


28 


\ 








get back. 
River higlwr than for 20 


29 


1 




16 


u 


^^ A 


.J 




17-18 


ai 


Rl^hi^te. Over road to 


16 
18 


doodbinst ap by Harbin- 






Ban Diego in two places. 






son's. 


26 




Oittle, horaea, etc, turned 


19 


1 


Lastnicht. 
River lush. 
Total rahifall for season, 84| 






over river. 


20 
June 1 


U 


Mar. 3-6 


2 








inches. 


7 


\ 




1806. 






10 


1' 




Jan. 16 




Sweetwater River very high. 


14-16 










higher than for 32 years. 


16 


. i 










23 










ered with water (tarn hill to 


26 










hill Jan. 17. 



a Showers. 

It is of interest to note that Mr. Gregg considered the flood of 1895 
greater than that of 1884. The record ^ at Sweetwater reservoir 
shows that the total run-off of Sweetwater River for the year ending 
June 80, 1896, was 73,412 acre-feet; the record of J. P. Covert, 
chief engineer, Sweetwater Water Co., shows that the run-off at 
Sweetwater reservoir for January 16 to 31, 1916, was 111,000 acre- 
feet. (See pp. 48-49.) Mr. Covert gives the total run-off from Oc- 
tober, 1915, to September, 1916, as 160,580 acre-feet. 

SAH DXBOO RIVZR. 

The highest known dischai^ into Cuyamaca reservoir, stated in 
terms of maximum rate of inflow for 24 hours^ is as follows: 

Seoond-feet. 

1895, January 17 1,630 

1906 , March 1, 120 

1916, January 27 2,400 

The following information was obtained in an interview with 
Mrs. Martha Swycaffer, who came to San Diego in 1854. 

Mrs. ^Swycaffer states that the flood of 1862 was greater than 
any other ynthin her time. The rain began in the fait of 1861 and the 
rainy season lasted until June, 1862. Beginning Christmas Day, a 
rain set- in which lasted for at least six weeks, during which time 
there was not simshine enough to dry a handkerchief. At about the 
end of this storm the rain set in more heavily, causing the big flood. 

Before the peak the river occupied two channels, one on each side 
of the Svrycaffers' home but a considerable distance from it. The 

» McGlaehan, H. D., and Dean, 11. J., Water resotiroes of California, part 3: T^ S. Geol. Siirvpy Wat^r- 
Supply Paper 900, p. 498, 1913. 
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Swycaffer house was a two-story brick-veneered building. As the 
flood increased it was necess^ary to move into the upper story of 
the building, all the lower doors and windows being left open to ease 
the force of the flood. The Swycaffer house was the only one in the 
San Diego River bottom that stood, and all inhabitants in the 
vicinity sought refuge in the second story. The refugees were 
rescued from the second-story window in a surf boat manned by 
sailors, and Mrs. Swycaffer and three babies were then sheltered 
in an adobe house in Old Town. During the night a dike built for 
the protection of Old Town was overtopped, and her refuge was 
again flooded. The family was carried to the Old Palms and placed 
under the one which was out of water; the ground at the other was 
flooded. 

The flood of 1862 was of long duration for a southern California 
stream, as it maintained approximately its peak height for 24 hours. 
Mrs. Swycaffer does not consider the flood of 1884 as large as that of 
1916. In her opinion the flood of 1916 was next in magnitude to that 
of 1862. 

Mrs. Swycaffer was familiar with what is now the Foster and Lake- 
side coimtry. At Lakeside the high water reached to the old adobe 
ranch house, or an elevation of the present Lakeside store. At 
Foster the flood height reached nearly to the top of an immense oak, 
which was removed when the railway was built. This flood would 
have washed out all the present buildings in Foster. Previous to 
1862 the present site of San Diego (New Town) was on rounded 
hiUs; the draws and gullies now existing were begun in 1862. When 
Mrs. Swycaffer first visited the Warner Hot Springs the springs 
broke out on a gradually sloping plain; the flood of 1862 made the 
topography as it is to-day. 

Mrs. Swycaffer knew everyone in Old Town in 1862, and no flood 
within the memory of any or in the traditions of the place was com- 
parable with it. 

BAB Lms RXY BIVBB. 

Li the early days houses and ranch buildings were built on high 
ground, and the bottom lands along the river channels were used 
only as pastures. As the number of settlers increased the agricul- 
tural lands became more valuble, and at the time of the floods of 1916 
the bottom lands had reached a high state of cultivation and build- 
ings were erected where they would be most convenient without any 
particular thought of the damage from excessive floods. 

Mr. P. F. Hubbard, who has lived near San Luis Rey River sinc^ 
1873, considers that the only flood in his time that is comparable with 
that of 1916 occurred in 1 884. The flood of 1916 was 2 feet higher at 
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his well and the channel was wider than in 1884. The bottom lands 
in 1884 were covered with brush and trees and the channel did not cut 
much. As there were no cultivated fields or buildings in the path of 
the flood the damage was slight. 

Mr. Edward Canterini, who has lived in San Luis Rey Valley since 
1884, states that there was more rain in 1884 than in 1916 and the 
flood was of longer duration, but he does not consider that the maxi- 
mum discharge was as great as in 1916. The river did not have a 
well-defined channel prior to 1891. 

Immediately after the flood of January 27, 1916, Father Doyle, of 
the Pala Mission, Sa^ Diego County, talked with an old Indian who 
had lived along San Luis Rey Riv^er for many years. The Indian 
stated that this flood was greater than that of 1862. The old mission 
ditch at Pala, constructed more than 100 years ago, was washed out 
in a number of places by the flood of 1916, but previous floods had not 
injured it. Father Doyle considers the flood of 1916 the greatest 
which has occurred since the valley has been settled. The flood of 
1862 he places second in size, and that of 1884, third. 

Edward R. Bowen, in a paper on the San Luis Rey floods of Jan- 
uary, 1916,* says: 

The entire San Ltus Rey Valley was inundated, the stream extending from hill to 
hill — a distance of probably 1} miles — and covering an area of over 1,000 acres. The 
drift along the county road on the south side of the valley indicated a 6-foot depth of 
water at that point. * * * It is probable that the enormous quantitiesof silt and debris 
carried by the stream in the first flood, together with that carried by the subsequent 
one, so built up and raised the old channel of the river that it was at a greater elevation 
than the adjacent valley lands. When the second flood came down this channel, 
its banks were overtopped and a new channel formed, cutting across the valley in a 
northeast to southwest direction, tiildng a long sweep to the westward at about the 
middle of the valley and returning to an old course near the narrows. * ♦ * AH 
farms in the valleys of the lower river were completely destroyed and three people were 
drowned. The entire valley is covTered with deposit of sand and silt to an average 
depth of at least 3 feet, and in many places as much as 6 feet. Conditions along the 
upper river are not so bad. The valleys are more constricted and the stream better 
confined, although all crops along the bottom lands have been ruined. [See 
PL IV, B, p. 28.] 

TXXSOirZJL OBXZK. 

Mr. P. L. Femold, of Temecula, Riverside County, reports that the 
flood of 1891 in Temecula Canyon rose to a height of about 2 feet on 
the trunk of a lai^e oak tree on the bank at the ford. A neighbor, 
who was with him, said that this height was very dose to the peak 
of the flood of 1884. This tree was washed out during the flood of 
January, 1916, after the water had risen about 12 feet on the trunk. 
The canyon at this point is in solid rock and conditions would be the 
same for all floods. 

i Eng. News, vol. 75, No. 8, p. 385, Feb. 34, 1016. 
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LOS AiraSLSB AJXD BAB GABRIEL RIVBR8.1 

There were heavy floods on Los Angeles and San Gabriel rivers 
in 1825, 1833, 1862, 1867, 1884 (2), 1886, 1889 (2), 1890, 1911, and 
1914, and it is said that serious floods occurred also in 1842, 1852, 
and 1874. From the testimony in the case of Andres Daneri v. 
Southern California Railroad Co., superior court of Los Angeles 
Coimty, in 1897, the largest floods occurred in 1826 and 1833 and 
the next largest flood was in 1862. It seems to be generally agreed 
that the greatest flood since 1862 occurred in 1889. The flood table 
prepared by the United States Weather Bureau, for the period 1878 
to 1914, shows that 41 floods occurred in the vicinity of Los Angeles 
during this period. 

The flood of 1909 in Los Angeles River was observed by H. Haw- 
good and Wilham Mulholland (then superintendent of the Los 
Angeles City Water Co.). From the measured cross-section of the 
channel at the Southen Pacific Co's. crossing, on its main line east, 
and from the slope of the water surface, together with personal obser- 
vations of the river at time of flood, Mr. Hawgood estimated that 
the maximmn discharge was in excess of 35,000 second-feet. The 
details of the computation are not now available. The section 
observed by Mr. Mulholland was about 1,200 feet north of Buena 
Vista bridge. Here the surface velocity, as observed from debris 
floating down the stream, was 14 to 16 mfles per hour. The depth 
of water was given as 9 feet and the width as 300 feet. The dis- 
chaige, as computed from these data by Mr. Hawgood, was approxi- 
mately 45,000 second-feet. 

FLOOD RUN-OFF IN JANUARY, 1916, 

COLLECTION OF RECORDS. 

At the beginning of the first storm on January 17, Mr. Ebert 
reached San Gabriel River near Azusa, and on January 17 and 18 
he made float measurements just below the gage; the cable was not 
accessible, as the highway was washed out above the mouth of the 
canyon. January 20 he attempted to reach Santa Ana River near 
Mentone, but found the highway impassable east of Highland. The 
highway west of Azusa was also closed on account of the damage to 
the San Gabriel bridge. The Pacific Electric Railway was opened 
from Azusa to Los Angeles January 21. 

Mr. Ebert left Los Angeles for San Diego by the inland route 
January 24 and reached Escondido the night of January 26. The 
heavy rainfall during that night destroyed the highways in all 
directions, and he was detained there by the condition of the roads 

1 Abstracted from reports of the Board of Eogineers Flood Control to the Board of Supervisors, Loe 
Angeles County. Cal., submitted July 27, 1915, pp. 144-146 and 172-174. 
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until February 5, when his automobile was drawn across San Die- 
guito River at Bernardo by a four-horse team, and he reached Lake- 
side that night by way of Poway grade, Miramar ranch, and Pacific 
Beach. A measurement could not be made on San Diego River at 
Liakeside, as the cable had been washed out and the river was flowing 
in a wide channel to the right of the highway bridge. The following 
day he visited Sweetwater River near Descanso, but on account of 
the damage to highways he was unable to reach 'any other stations 
in this territory or those on Santa Ysabel Creek and upper San Luis 
Rey River. He made the return trip from San Diego by boat 
February 9. 

In March, 1916, Mr. McGlashan and Mr. Ebert made an extensive 
trip through the region covered by this report to obtain available 
flood data and to collect records obtained by private parties. They 
visited the river-measurement stations that were accessible at this 
time, and also a number of streams on which no stations were 
being maintained. T^e flood marks were still very distinct, so that 
it was possible to make numerous measurements of slope and of cross 
sections of river channels at maximum stage, and to obtain other 
data necessary for the computation of flood flow. The results were 
computed by Kutter's formula, after carefully selecting values of n. 
The base data, as well as the computed records, are here published, 
to enable any engineer engaged in a detailed study of the runoff to 
make independent computations of the flow. 

TIA JTJANA BIVEB BASIN. 
OENE&AL FEATUBSS. 

Tia Juana River discharges into the Pacific Ocean below San 
Di^o Bay near the Mexican boundary. Its principal tributary, 
Cottonwood Creek, rises in the Lagima Moimtains of the Coast Range 
and flows southwestward about 32 miles to its junction with Tia 
Juana River at the Mexican boundary, about 22 miles east of the 
coast line. The total drainage area of Cottonwood Creek above its 
jimction with Tia Juana River is approximately 340 square miles. 
It lies south of the Sweetwater and Otay River basins, and is the most 
southerly stream in San Diego Coimty. Pine Valley Creek, which 
joins it 20 miles below its source, is its only important tributary. 

The topography of the basin of Cottonwood Creek is rough through- 
out, although some valley areas are found above the 3,000-foot 
contour. Below this elevation the stream flows through a deep, 
narrow canyon, broken only by a short stretch of open country with 
comparatively hght grade at the junction of Pine Valley Creek. 
Altitudes range from 600 feet above sea level, where the creek joins 
Tia Juana River, to 5,000 feet on the Laguna Mountains. 
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The Cottonwood basin is poorly forested. The timber consists of 
scattered oaks, cottonwoods, and alders, which are restricted almost 
entirely to the small valleys along the stream and to the higher 
elevations. The momitain slopes are fairly well covered with brush. 

The mean annual rainfall ranges fron 8 to 10 inches along the 
foothills and from 20 to 30 inches in the mountains. 

OOTTOirWOOD CREEK AT MORSVA BESERVOXR, CAL.1 

Location.— In the SW. i aec. 14, T. 17 S., R. 4 E., three-fourths mile north of Morena 
Butte, 1| miles above mouth of Hauser Creek, and 8} miles upstream from Barrett 
dam, San Diego County. 

Drainage area. — 119.5 square miles (reported by George Cromwell). 

Blbtation.— About 3,000 feet above sea level. 

Discharge. — Computed from gage-height record showing storage in reservoir, cor- 
rected for waste through spillways and outlet tower. 

Spillway. — Consists of 12 openings, each 8i feet in length, controlled by independent 
radial gates. All gates were open until 7 a. m., January 29, when 11 were closed. 
At 11 a. m., January 29, 6 gates were opened and at 5 p. m. the remainder were 
opened. January 30 at 7 a. m., all gates were closed. Two gates were opened 
at 7 a. m., January 31 and the remainder at 6 p. m. 

Average depth of water in spUlway was as follows: January 28, 4 feet; January 29, 
3.25 feet; January 31, 3 feet. Considerable drift collected at the spillway which 
interfered with the operation of the gates. 

Maximum capacity of spillway, 5,380 second-feet and of outlet tower, 483 
second-feet. 

OuTLEf tower.— There are 5 valvee in the tower. Number 4, at 99.5 feet, was 
opened January 28 at 1.30 a. m. and closed 'January 29 at 6.30 a. m. No other 
valves were opened during the month. 

Maximum discharge in January, 1916. — January 27, 7 a. m. to 4 p. m., 8,785 
second-feet; 4 p. m. to 6 p. m., 15,356 second-feet; 6 p. m. to 12 p. m., 13,344 
second-feet. January 28, 12 a. m. to 7 a. m., 3,157 second-feet. 

The following table contains data furnished by George Cromwell, city engineer, 
San Diego, Cal.: 

1 O'Shaughxifissy, M. H., Construction of the Morezia rock-fill dam, San Diego County, Cal.: Am. Soc 
Civil Eng. Trans., vol. 75, p. 27, 1913. 
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Gage height and ducharge of Cottonwood Creek at Morena reservoir , Cat. y for January, 

1916. 





Oaee 
hel^t 
(feet). 


Storage 
(mjllion 
gallons). 


Waste. 


Run-off f^om drainage basin. 


Day (7 a.m.) 


Million 
gallons. 


Acre-foet. 


MUUon 
gallons. 


Acre-feet. 


Second- 
feet. 


Jan. 1 


118.68 
118.70 
118.71 
118.73 
118.77 
118.79 
118.82 
118.84 
118.80 
118.02 
110.11 
119.17 
119. 19 
119.21 
119.72 
120.01 
124.10 
130.00 
134.20 
135.21 
135.80 
136.17 
136.61 
136.80 
137.15 
137.64 
138.40 
150.50 
140.50 
140.00 
140.50 
148.50 


6,180 
5,193 
5,195 

f'iS 

5,208 

6,212 

5,217 

5,221 

5,231 

5,237 

6,275 

5,287 

5,291 

5,295 

5,398 

5,475 

6,385 

7,854 

9,102 

9>420 

9,634 

9,754 

9,863 

9,066 

10,071 

10,240 

10,611 

15,450 

15,000 

14,775 

15,000 

14,552 






4 


12.3 

6.1 

12.3 

27.6 

12.3 

15.4 

12.3 

30.7 

18.4 

116.7 

36.0 

12.3 

12.3 

416.8 

236.4 

2,703.7 

4,509.8 

8,831.4 

976.3 

656.9 

368.4 

334.6 

285.5 

353.1 

518.8 

831.0 

17,520.5 

3,023.5 

2,072.3 

600.7 

647.7 


6 2 


2 






2 


3.1 


3 






4 

4 
5 
4 

10 

6 

38 

12 

4 

4 

103 

77 

010 

1,469 

1,248 

318 

214 

120 


6.2 


4 






13.0 


5 






6.2 


6 






7.7 


7 






6.2 


8 






15.6 









3 


10 






58.8 


11 




18.6 


12 




6.2 


13 


i 


6 2 


14 


1 


150.4 


15 




110.2 


16 




1,406.6 

2,273.0 

1.031.0 

492 3 


17 




18 


1 


10 




20 


i .; 


331.7 


21 




185 7 


22 




109 

93 

115 

160 

271 

5,707 

1,278 

675 

225 

211 


168.7 


23 




143 


24 


... 1 .. 


178 2 


25 ^ 




261.6 


26 '....: 






410 £ 


27 


768 

1,728 

000 


2,357.6 
5,364.0 
2,763.0 


8,834.3 

1,078.3 

1,044.8 

348 2 


28 


29 


30 


31 . . 


650 




326 6 


Feb. 1 



















Total runoff lor month{5^feg-ii-,i^^-;^^ 

OTAT BIVBB BASIK. 
GENERAL FEATTTRXS. 

Otay River drains the region between Sweetwater basin on the 
north and Tia Juana on the east and south. Above Lower Otay dam 
it has a drainage area of 98.6 square miles. The general course of 
the stream is southwest, and it enters San Diego Bay at the extreme 
southern end, about 4 miles north of the International boimdary. 

Above Lower Otay reservoir the stream is known as Jamul Creek, 
to which Dulzura Creek is tributary. The natural run-off from this 
area is increased by the water diverted from Cottonwood Creek 
through Dulzura conduit, into Dulzura Creek. The drainage area 
of Jamul Creek is moimtainous and the slopes are very steep. The 
highest point is Lyons Peak; elevation, 3,756 feet. The forest cover 
is mainly brush, except in the vicinity of the stream channels. 

The mean annual precipitation ranges approximately from 8 to 20 
inches. 
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OTAY RIVSa AT XX)WEK OTAT BSnEVOXR,* irSAR OTAT. OAL. 

Location. — The dam was in the extreme northwest comer of sec. 18, T. 18 S., R. 
1 £., at the head of the canyon above Otay Valley, about 16 miles southeast of 
San Diego and 8 miles east of Otay, San Diego Coimty. 

Drainage area.— 98.6 square miles (measured on topographic map; includes 12.7 
squsure miles, tributary to Upper Otay reservoir) 

Elevation. — ^Top of dam was about 480 feet above sea level. 

Gage.— Vertical staff fastened to outlet tower (PI. II, A). Zero of gage, 346.65 feet 
above sea level, U. S. Geological Survey datum. The gage-height record for 
January 22-27, 1916, given in the storage table for the reservoir, was obtained 
from employees at the reservoir a short time alter the dam failed. The record 
January 15-21 was published in the Engineering Record for February 12, 1916. 

Spillway.— Built of concrete at left of dam; width on bottom, 37.9 feet; width at top, 
41.5 feet; depth, 8 feet; uniform slope, 0.00366. Floor of spillway is 123.3 feet 
above zero of gage. It is stated that the spillway has the same dimensioiis through- 
out its length, and hence did not admit sufficient water to fill the channel for its 
entire length. The discharge of the spillway at the time the dam failed was 
4,700 second-feet according to Geoige Cromwell, city engineer.' John L. Bacon, 
former assistant city manager, estimated the maximum discharge of the spillway 
as 2,000,000,000 gallons daily, or 3,100 second-feet.' 

Outlet tunnel. — ^There was no provisionfor blow-off from the reservoir except thiou£^ 
the outlet tunnel, which connected with the pipe line to San Diego. At the 
lower end of the tunnel there was a Y connection with a 36-inch blow-off valve, 
which was opened at noon January 27, 1916. The maximum capacity through 
this blow>o£f was 330 second-feet, according to Geoige Cromwell, city engineer.^ 

Maximum discharge in Janxtart, 1916.-— The maximum gage height in the reservoir 
waa reported as 134.0 feet at 5.05 p. m., January 27, at which time the dam failed. 
From the table showing storage in reservoir, the rate of inflow from 4.25 p. m. to 
5.05 p. m. was 32,700 second-feet. If the maximum discharge of the spillway 
as given by the city engineer is added, the total waa 37,400 aecand-feet, or 379 
second-feet per square mile of drainage area. 

Data concerning cross sections and slope were obtained on Jamul Creek (see 
p. 45) just above effect of backwater from the reservoir. The maximum dis- 
charge at this point waa computed as 18,100 second-feet, or 259 second-feet per 
square mile of drainage area. If this same rate of run-off is assumed for the 12.7 
square miles of drainage area above Upper Otay dam, the maximum flow over the 
dam and through spillway did not exceed 3,300 second-feet. 

George Cromwell, city engineer,* stated that the run-off into the Lower Otay 
reservoir was 23,500 second-feet for a period of one hour prior to the failure of the 
dam . This rate would allow a run-off from the drainage area directly tributary to 
the reservoir, exclusive of Upper Otay reservoir and Jamul Creek, of 2,100 second- 
feet, or 130 second-feet i>er square mile, provided the crest discharges all reached 
Lower Otay reservoir at the same time. 

The maximum discharge computed from the reservoir record exceeds that pub- 
lished by Mr. Campbell by nearly 60 per cent. The run-off per square mile com- 
puted from the reservoir record is more than 50 per cent gieater than that 
reported for Sweetwater River at Sweetwater dam. See table of crest discharge 
(p. 23) for maximum discharge for other streams in this region. The mean rain- 
fall, computed for drainage area above Lower Otay dam, was 19.2 inches; that 
for Sweetwater River above Sweetwater dam was 21.8 inches. (See t^ble, p. 11.) 

1 Soe pp. 25-26 for description of faUure of dam on Jan. 27, 1916. * Idem, Feb. 3, 1016, pp. 23fr-239. 
> Eng. News, Apr. 13, 1916, p. 717. « Idem, Apr. 13, 1916, p. 718. 
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AiJTROBiTT.— 'Data for this ststioii were obtained in the field, from the publicationB 
cited, and from other reliable sources. Data collected by the city of Saa Di^go 
were withheld because of pending litigation. 

Storage in Lower Otay reHTVoirfor January, 1916. 





Time. 


Iteisht 
(feet). 


AvBilable storage. 


Inerease in 8torage.a 


Date. 


Million 
gaUoDs. 


Acre-feet. 


Aae4Bet. 


Second- 
feet. 


Jan. 15 




84.0 
101.0 
111.0 
118.7 
122.8 
123.3 
123.6 
123.8 
123.95 
124.0 
124.9 
127.9 
130.0 
131.3 
132.3 
134.0 


3,610 
6,230 
8,350 
10,300 
11,340 
11,490 
11,580 
11,640 
11,680 
11,700 
11,970 
12,950 
13,650 
14 080 
14,440 
15,080 


11,100 
19,100 
25,600 
31,300 
34,800 
35,300 
35,600 
36,700 
85,900 
85,900 
86,700 
89,800 
41,900 
43,200 
44,300 
46,100 






17 




8,000 

6,500 

6,700 

8,600 

500 

300 

100 

30O 



800 

3,100 

2,100 

1,300 

1,100 

1,800 


l^ 


18. 




10 




"•^ 


31 




23 


7a. m 

7a. m 

7a. m 

7a. m 

7a.m 

7a. m 

Noon 

3p.m 

4p.m 

4.25 p.m.. 
5.05 p.m.. 


253 


25 


151 


24 


50 


25 


101 


20 





37 


403 




7,500 

8,470 

15,700 

31,900 

32,700 



a Discharge through spillway not included. 



Note.— The ayailable storage In million gallons, given in the above table, was taken from a capacity 
urire compiled in the office of the city engineer, San Diego. Oage-height record, Jan. 15-21. was pubiishea 
In Bnglneerinff Record for Feb. 12, 1916; Jan. 33-27 was obtained from employees of the city of dan Diego 



at the dam a short time after tlie f^ure. 

JAMXns OBXXX irXAA OTAT, OAL. 

Location.— In sec. 4, T. 18 S., R. 1 E., about 500 feet above highway crossing above 
Harvey ranch and well above backwater from Lower Otay reservoir at high-water 
elevation, and about 11 miles east of Otay, San Diego County. 

Drainage arjea. — 69.8 square miles (measured on topographic map). 

Elevation. — ^About 500 feet above sea level. 

Channel. — Cwnposed of sand, gravel, and boulders; practically straight for the sec- 
tion covered by slope data, but ciurves to the left just below point where lower 
cross section was taken. Banks high and practically clean after flood (PI. X, B), 
Channel apparently fairly permanent. 

Maximuh dischaboe in January, 1916.— Measurements of slope and of two cross 
sections were made March 17, 1916. Slope of water surface that day was deter- 
mined for a distance of 935 feet. The determination of high-water slope checked 
fairly well with that of the slope of the water surface March 17, but could not be 
ascertained so accurately on accoimt of the roughness of the banks. The maximum 
discharge has been computed as follows: Mean width, 158 feet; mean area, 1,360 
square feet; mean wet perimeter, 164 feet; mean hydraulic radius, 8.3; present 
dope of water surface, 0.0071 (for 935 feet) M%rch 17, 1916. If the value of n in 
Kutter's formula is assumed as 0.04, the discharge is 18,100 second-feet, or 259 
second-feet per square mile of drainage area. 

SWSETWATEB BIVEB BASIN. 
GBRS&AL TKATVBXB. 

Sweetwater River rises in the south and east slope of the Cuyamaca 
Mountams of the Coast Range, flows nearly due south for 15 miles, 
then turns to the west and southwest and discharges into San Diego 
Bay south of National City. Its length is 45 miles, and its area 
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comprises approximately 215 square miles, the greater part of which 
is in momitainous country. The basin is extremely narrow. It 
lies directly south of San Diego Kiver and north of the Otay River 
and Cottonwood Creek basins. 

The topography is not so rough as that of San Diego River basin, 
although the mountains and foothills extend within 3 or 4 miles of 
the shore line of San Diego Bay, and the valley and mesa lands are 
not so extensive as along San Diego River. The basin is poorly 
forested. The timber is confined almost to the immediate valleys 
of the streams and to the higher mountain areas. The moun- 
tain slopes have a fairly good covering of brush, but the lower foot- 
hills are almost bare, supporting only a sparse growth of low brush. 

The mean annual rainfall varies from 10 to 15 inches along the 
foothill belt and from 20 to 45 inches in the mountains. 

A considerable area lying between San Diego Bay and the foothills 
south from National City to the Mexican boimdary is under a high 
state of cultivation. The greater part of this land is irrigated by 
water taken from Sweetwater River. 

SWEETWATER RIVER VEAR DEBOAVSO, OAL. 

Location.— In the 8E. i sec. 25, T. 15 S., R. 3 E., at Ellis ranch, 2 miles below 
mouth of Guatay Creek and about 1) miles below Deecanso, San Diego County. 

Drainage area.— 43. 7 miles (meaaured on topographic and militaiy-survey maps). 

Elevation.— About 3,300 feet above sea level. 

Records available. — November 21, 1905, to January, 1916. 

Gaob. — Staff in three sections on left bank at concrete control, a short distance 
below intake of Ellis ditch; destroyed by the flood of January, 1916. Installed 
at same datum and practically same location as previous gage. 

Discharge measurements. — Made from cable at gage or by wading. No measure- 
ments were made during the flood of January, 1916, as the highways were im- 
passable. 

Channel and control. — Channel composed of sand, fine gravel, and boulders; 
shifting. Banks are high and not subject to overflow. A concrete control 
constructed October 11, 1914, across the channel opposite original gage was 
practically destroyed by the flood of January, 1916. 

Extremes op discharge. — 1905-1915: Maximum stage recorded, 9.25 feet at 
5 p. m. March 24, 1906 (approximate discharge, computed from extension of 
rating curve, 3,000 second-feet); channel dry during a portion of the years 1910, 
1911, and 1913. 

Maximum discharge in January, 1916. — No gage-height record after January 23, 
when gage was washed out. Measurements of slope and two cross sections were 
made March 13, 1916, in the vicinity of the gaging station. The channel 
(PI. X, -4), is practically straight for the section covered by slope data. Banks 
high and covered with brush and small trees. 

The maximum discharge has been computed from the mean of the two cross- 
sections, as follows: Mean area, 987 square feet; mean hydraulic radius, 6.0; 
slope of water surface, 0.0078 (for 875 feet) March 13. If the value of n in Kutter *s 
formula is assumed as 0.045, the dischaige is 9,870 second-feet, or 226 second-feet 
per square mile of drainage area. 
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U. 8. OCOLOQICAL •URVEV WATER-SUPn.V PAPER 4M PLATE X 



A, VIEW DOWNSTREAM ON SWEETWATER RIVER NEAR DESCANSO, AFTER FLOOD OF JANUARY, 

1916. 



B. VIEW UPSTREAM ON JAMUL CREEK NEAR OTAY, AFTER FLOOD OF JANUARY, 1916, 
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U. 8. OeOLOQICAL SURVEY WATER-SUPPLY PAPER 426 PLATE M 



VIEW UPSTREAM SHOWING CAPITAN GRANDE DAM SITE ON SAN DIEGO RIVER. AFTER FLOOD 

OF JANUARY, 1916. 



S. VIEW UPSTREAM ON SAN VICENTE CREEK AT FOSTER. AFTER FLOOD OF JANUARY, 1916. 
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AccuBiLcr.— Determinations of dlschaige January 16 to 22, rous^y approximate as 
they are computed from an extension of the rating curve for 1914-15, which is 
unsupported by high-water measurements. It is assumed that the concrete 
control was not disturbed until the second rise, which occurred January 27. 



Gage height, in feet, and 



, in second-feet, of Sweetwater River near Descanso, 
^.,for January, 1916. 





a.m. 


5 p.m. 


Date.' 


Oaee 
bejgit. 


Dis- 
charge. 


». 


Dis- 
diargo. 


Jan.14 


1.38 
3.20 
2.30 
6.00 
6.00 
4.00 
3.70 
3.50 
3.50 


21 
137 
159 
2,500 
2500 
822 
666 
570 
570 


1.38 
X20 
4.40 
6.00 
4.70 
3.80 
3.50 
3.50 
3.80 


31 


15 


187 


10 


1;060 

2 500 


17 


18 


1390 
716 


19 


20 


670 


n 




22 


716 








NOTK.— For maztaniuii dlschaige dmiog Janftary see description of station. No record Jan. 28 to 31, 
M gage was washed out. 

8WBBTWATB& RIVX& HBAB DESDBSA, OAJU 

Location.— In the NW. } NW. J sec. 20, T. 16 S., R. 2 E., at Sloane ranch, 1,000 
feet below mouth of Lawson Greek, about 3 miles southeast of Dehesa, San Diego 
County, 

Drainaoe area. — 112 square miles (measured on topographic and miUtary-survoy 
maps). 

Elevation. — About 900 feet above sea level. 

Rbcords available. — ^December 4, 1913, to January, 1916. 

Gage. — Bristol water-stage recorder on left bank 5 feet above control; destroyed by 
flood of January, 1916. No gage-height record available for that month. 

Discharge measurements.— Made from cable 200 feet below concrete control or 
by wading; equipment destroyed by flood, January, 1916; no discharge measure- 
ments were made during that month. 

Channel and control. — Bed composed of shifting sand overlying solid rock. 
The concrete control, which extended to bed rock, was destroyed by the flood 
of January, 1916. Banks are high and not subject to overflow. 

,£xtremb8 of DISCHARGE. — 1913-1915: Maximum stage recorded, 5.8 feet February 
11, 1915 (approximate discharge computed from extension of rating curve, 1,750 
second-feet); channel practically dry August 12, 1915, to end of year. 

Maximum discharge in January, 1916.— Mr. J. F. Covert, chief engineer, Sweet- 
water Water Co. , measured cross sections and obtained slope data at this station. 
Determinations of maximum discharge for the flood of January, 1916, based on 
these data, were furnished by F. C. Finkle, consulting engineer, as follows: 
Mean area, 1,639 square feet ; mean wet perimeter, 184 feet ; mean hydraulic radius, 
8.9; slope, .0047; assumed value of n in Kutter's formula, .03; coefficient c, 72.5; 
mean velocity, 14.82 feet per second; discharge, 24,295 second-feet or 217 second- 
feet per square mile of drainage area. 

SWSXTWATBB RIVX& AT &XJDOLPH &AVCH, NXAR DEHESA, GAL. 

From measurements of cross sections and slope at the highway 
crossing near south line of sec. 14, T. 16 S., R. 1 E., San Diego Cotmty, 
made by J. F. Covert, chief engineer, Sweetwater Water Co., the 
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maximum dischaxge for the flood of Jaauary, 1916, was computed 
and furnished by F. C. Finkle, consulting engineer, as follows: 
Mean area, 2,382 square feet; mean wet perimeter, 485 feet; mean 
hydraulic radius, 4.9; slope, 0.0045; assumed value of n in Kutter's 
formula, 0.025; coefficient c, 77.9; mean velocity, 11.56 feet per 
second- discharge, 27,530 second-feet or 204 second-feet per square 
mile (drainage area given as 135 square miles). 

SWBBTWATXR SIVB& NXA& JAKAOHO, OAJU 

Measurements of cross sections and slope made by J. F. Covert, 
chief engineer, Sweetwater Water Co., at Jamacho Canyon, San Diego 
County, were used by F. C. Finkle, consulting engineer, to compute 
the maximum discharge for the flood of January, 1916, with the 
following results: 

Mean area, 3,006 square feet; mean wet perimeter, 410 feet; mean 
hydraulic radius, 7.3; slope, 0.0057; assumed value of n in Kutter's 
formula, 0.03; coefficient c, 70.2; mean velocity, 14.3 feet per second; 
discharge, 43,002 second-feet or 250 second-feet per square mile 
(drainage area given as 172 square miles). 

SWSETWATBB BITZB AT SWSBTWATBB BAX, OAL. 

The following table was prepared by J. F. Covert, chief engineer, 
Sweetwater Water Co., for court use. It is known as Exhibit L 
in the Neuman case and Exhibit J in the Sutliff case. Sweetwater 
reservoir is on Sweetwater River about 6^ miles northeast of National 
City, San Diego County. The drainage area tributary to the reservoir 
is 181 square miles (measured on topographic and military survey 
maps). 
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DMwarge, in woondfiet, of Sweetwater River at SweetwaUr dbm, Col., far Jan, 16 to SI, 

1916, 





Time. 


Aocomu- 
lative 
run-off. 


Waate. 


Total 
diachaige. 


Mean 

dally 

dis- 

charge. 


Bate. 


Through 
blow.off. 


Spffl. 
way. 


Over 
parapet. 


Throogh 
breaks. 


Jan. 16 


8a.m.to5p.m. 

5p.m.to3a.m 

3a.m. to8a. m 

8 a. m. to 11 a. m 

11 a.m. to 8.15 p.m.. 
3.15 p.m. to 5. 15 p.m. 
5.15 p.m. to 9 p.m... 

9p. mtoUp. m 

lip. m. to 3a. m 

3a.mto5a.m. 

5a.m to8a.m 

8a.m. to 12m 

12m.to5p.m 

5 p.m. to 8.30 p.m... 
8.30p.m. to 10.M p. m 
10.30 p. m to 4.30 a.m. 
4.d0a.m. to6p. m... 

5 p.m. to 6 a.m. 

6a.mto5p.m 

5p.mto7a.m 

7 a.m. to5p. m 

5p. m. to5a.m 

5 a.m. to8a. m 

8a. m. to5p. m 

5p. m. to8a. m 

8a.m. to5p. m 

5p.m.to7a.m 

7a.mto6p.m 

6p. m. t0 7a.m 

7a.m.to7a.m 

7 a. m. to 4.30 a.m... 
4.30 a. m. to7a.m... 

7 a. m. to 9 a. m 

9 a.m. to 11a. m 

11 a.m. to 11.45 a.m. 
11.45 a.m. to 1p.m.. 
Ip.m to 2.20p.m... 
2.20 p.m. to 4.08 p.m. 
4.08 p.m. to 4.30 p.m. 
4.30 p. m. to 5.30 p. m. 
5.30 p.m. to 6.30 p.m. 
6.30 p.m. to9p. m.. 
9p. m. to8a. m 

8 a. m. to 5 p. m 


809 
4,215 
6,0S0 
4,185 
4 186 
5,960 
9,090 
5,580 
6,130 
6,130 
1,740 
2,500 
2,500 
1,488 

802 

- 680 
-1,248 
-1,186 
-1,023 

- 495 

- 600 

- 87 

""2S»" 
831 
318 
225 
215.5 
126.5 
112.8 

n.2 

1,850 

1,928 

1,948 

7790 

13 060 

17,180 

24,200 

16,280 

-2.660 

-43,800 

-31.050 

-9,870 

-6,970 

-1 288 

- 481 

- 369.5 










809 
4,216 
6,050 
4417 
4,417 
6,182 
9,322 
5,812 
6,922 
7991 
4,330 
6648 
6439 
5,866 
5,455 
3,768 
2,766 
2,135 
l!274 


1,530 


16-17 






1 


17 


1 


1 


5,870 


17 


232 
232 
232 
232 
232 
232 
232 
232 
372 
719 
720 
721 
719 
716 
714 
711 
709 
706 
181 
181 


1 


17 


( 




17 




1 




17 




::::::::::i:::::: 




17 




1 




17-18 


560 
1,629 
2,358.2 
2,n5.7 
3,220 
3,658 
3,932 
3,737.6 
8 297.7 
2,606.7 
1,686.5 
883 
618.5 
340.5 
157.5 






18 


J 


5,900 


18 


1 


18 








18 








18 








18 









18-19 








19 


1 


2,770 


19-20 






20 






1 l!fe 


90-21 






1,007 - ' ^ 


21 






625 

434 

839 

339 

331 

318 

225 

239 

210 

804 

303 

2,395 

8,149 

8,600 

9,961 

16,354 

21,611 

33,421 

88,900 

46,500 

87,100 

31,600 

16 600 

9,000 

4790 

4000 

2,740 


707 


21-22 








22 






356 


22 








22-23 


1 


1 




23 


1 




206 


23-24 


l._ 1 


1 




24 




23.8 
83.1 

190.6 

316 

545 

895 
1,314 
i;808 
2,826 
4,063 
4,963.4 
5, 46a 4 
5,508 
5,049 
2,314 


1 


^ 


34-25 




1 


25-26 






367 


26-27 











27 








15,000 


27 


826 

347 

368 

368 

368 

406 

448.5 

449 

444 

484 

419.8 

400 

429 

469 

469 






27 








27 








27 


:::::::::::::::::: 




27 








27 


8,860 
8,530 
9,090 
4,420 






27 
27 
27 
27 


8,181 

88,006 

70,487 

50,903 

25,050 

14,570 

5,649 

4,022 

2;640 


........ 


27-28 




. 


28 






4,000 
2,740 


29 






30 

3.| 





















NoiB.— Mean daily diadbarge, total diaoharge in acre-feet, and run-off in depth in indies computed 
by Engineers of TTnited States Geologica] Survey. 

SAN DIBOO BIVEB BASIN. 
GBHXBAL FKATTmBS. 

San Diego River rises in the Cuyamaca Mountains, on the western 
slope of the Coast Range, flows southwestward, and discharges into 
Pacific Ocean through FaJse Bay at the northern boundary of San 
Diego Gty. Its length is about 50 miles, half of which lies in the 
mountains above the town of Lakeside. The San Diego basin has 
an area of 434 square miles and lies directly south of the San Dieguito 
ba^ and north of the Sweetwater River basin. 
106922*»— 1&— W8P 426 4 
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The San Diego has several small tributaries, the most important 
being Coleman, Cedar, Boulder, South Fork, and Chocolate creeks, 
all of which enter from the east and south above Lakeside. San 
Vicente Creek, the only important tributary from the north, enters 
the river at Lakeside. 

The upper part of the basin above Lakeside is extremely rough and 
rugged, but below Lakeside numerous vaJleys and high mesa lands 
extend to the coast. Elevations throughout the basin range from 
50 to 600 feet in the foothills and from 600 to 6,000 feet in the moun- 
tains. Cuyamaca Peak, the highest point in the basin, has an 
elevation of 6,028 feet. The formation is the loose granite that is 
typical of all river basins in San Diego County. 

The San Diego basin is poorly forested. The timber is confined 
almost entirely to the vaJley along the streams and to the higher 
mountain areas. The mountain slopes are fairly well covered with 
brush, but the lower foothills are almost entirely bare, supporting 
only a scattered growth of low brush. 

The mean annual rainfall ranges from 10 to 15 inches along the 
foothill belt, and from 20 to 45 inches in the mountains. 

Lrigation is carried on extensively in the valleys and on the mesa 
lands between Lakeside and San Diego, and additional areas might 
be irrigated if an adequate supply of water could be assured. Two 
storage reservoirs have been constructed: The Cuyamaca reservoir 
is on Boulder Creek, at an elevation of 4,600 feet above sea level, 
and has a capacity of 11,400 acre-feet with a 35-foot earthen dam. 
La Mesa reservoir is in the foothills about 2 miles northwest of the 
town of La Mesa, at an elevation of 435 feet. The dam is of earth 
and rock, is 66 feet high, and has a storage capacity of about 1,500 
acre-feet. La Mesa reservoir is filled by water diverted from San 
Diego River during the winter months. 

SAJr DXEOO RXVXR AT DIVEBTIHO DAM HEAR LAKS8IDB, OAL. 

Location.— In the NE. i sec. 11, T. 14 S., K. 2 E., at the intake of San Diego flume, 
1,000 feet belo\^ mouth of Boulder Greek, and about 13 miles northeast of Lake- 
side, San Di^goOounty. 

Dbainaob abba. — ^102 square miles (measured on topographic maps). 

Elevation.— About 800 feet sbove sea level. 

Kecobds availablb.— October 1, 1912 to January, 1916. 

ExTBBMBs OF DisoHABGB .^1912-1915: Majdmum stage recorded, 11.6 feet January 
27, 1914, and March 20, 1915 (discharge, 2,380 second-feet); no flow over dam for 
several months during each year. The low-water discharge is diverted into San 
Diego flume. 

DisoHABOB FOB Januaby, 1916.^&£r. W. S. Post, consulting engineer for Cuyamaca 
Water Co., fuimshed the tables of discharge for the month of January, 1916. A 
rating curve has been developed by the Geological Survey covering the discharge 
to 2,400 second-feet. The discharge during the flood periods was computed 
from a weir formula for the dam. 
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Stobaob. — See Ouyamacareservoir near Julian, Cal. 

A^ccuRACT.— The TnAxiniuni dischaige for January, 1916, aa detemmied by the weir 
formula, was checked by data on slope and cross section obtained after the flood. 

Discharge, in second-feet^ of San Diego River at diverting dam near Lakeside, CaL,, for 

January, 1916. 



Data. 


Hoar. 


Instan- 
taneous 

dis- 
charge. 


Instan- 
taneous 
Cuya- 
maca 
Waste. 


Instan- 
taneous 
discbarge 
from 90 
square 
ndles.a 


Jan. 13 


6a. m 

6 a. m 

6p.m.... 

6 a. m 

6 p.m.... 

6 a. m 

dp.m.... 

6a. m 

6 a. m 

12m 

6 a. m 

12m 

61). m.... 
12p.m.... 

6a. m 

12m 

6p.m 

6a. m 

6p.m 

6a. m 

6p. m 

6a. m 

6a. m 

6p.m 

6 a. m 

6p.m 

6a. m 

8p.m 

6a. m 

6j). m 

12m 

12m 


24 
34 

28 

130 

130 

130 

349 

4,120 

4,710 

1,970 

1,970 

2,190 

1,560 

7,080 

1,070 

1,070 

350 

526 

540 

346 

271 

205 

205 

203 

283 

272 

535 

1,230 

528 

1,710 

15,800 

6,800 

3,240 






















110 

110 

110 

110 

110 

110 

110 

106 



















40 





900 

700 

400 


24 


14 


22 


15 


28 
130 


16 


130 
130 


17 


349 
4,120 


18 


4,710 
1,970 
1,860 


19 


30 


2,080 

1,460 

6,920 

960 


21 


960 
240 
420 


22 


540 
346 


33..: 


271 
205 


24 


205 
203 


25 


283 
272 


26 : 


535 
1,190 


27 


528 
1,710 
14,900 
5,100 
2,8« 


28 ^- 

20 


30 





a Does not include 12 square miles of drainage tributary to Cuyamaca reservoir. 

Daily diKharge, in second-feet, of San Diego River at diverting dam near Lakeside, Cal., 

for January, 1916. 



Date. 


Total dis- 

indudUng 

Cuyamaca 

waste. 


Waste, 
Cuyamaca 
reservoir. 


Total dis- 
cbarge from 
90 square 
miles, ex- 
clusive of 
Cuyamaca 
basin. 


Date. 


Total dls- 

cbargo, 

including 

Cuyamaca 

waste. 


Waste, 
Cuyamaca 
reservoir. 


Total dis- 
cbarge from 
90 square 
miles, ex- 
clusive of 
Cuyamaca 
basin. 


Jan. 1-12 

13 

14 

16 

16 

17 

18 

19 

20 

21 


369 
36 
54 

147 
1,581 
4,410 
2,065 
1,816 

727 

409 














33 

106 

106 

65 


309 
36 
54 

147 
1.581 
4,410 
2.622 
1,709 

621 

343 


Jan. 22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


276 

206 

264 

509 

929 

10,200 

10,900 

5,910 

3,070 

2,227 








11 

23 

820 

1,877 

815 

550 

346 


278 
205 
261 

408 
906 
9.380 
9,02t 
5,095 
2,520 
1,882 



Total runoff for TDonth{^^^'i^^--^^^^i^l 



02,800 
17.06 
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SAir DXEOO RXVXR AT OAPXTAIT O&AVDB DAX SITE, NXA& LAKSSZDS, OAL. 

Location. — ^1,000 feet upstream from the west line of sec. 8, T. 15 S., R. 2 £., in Oapi- 
tan Grande Indian Reservation, about half a mile below mouth of Chocolate 
Creek, 1^ miles below mouth of South Fork of San Diego River, and 7} miles 
northeast of Lakeside, San Diego County. 

Drainage area. — 189 square miles (measured on topographic map). 

Elevation. — ^About 600 feet above sea level. 

Maximum discharge in January, 1916. — J. F. Covert, chief engineer, Sweetwater 
Water Co., measured cross sections and slope at this point and computed the 
maximum discharge as follows: 

First section. — ^Mean area, 2,151 square feet; mean wet perimeter, 205 feet; 
mean hydraulic radius, 10.5; slope, 0.0035; assumed value of nin Kutter*s for- 
mula, 0.03; coefficient c, 74; mean velocity, 14.2 feet per second. 

Second section. — ^Mean area, 480 square feet; mean wet perimeter, 118 feet; 
mean hydraulic radius, 4.1; slope, 0.0035; assumed value of n in Kutter's for- 
mula, 0.035; coefficient e, 54; mean velocity, 6.5 feet i>er second. 

Total discharge, 34,600 second-feet, or 183 second-feet per square mile of drain- 
age area. 

W. S. Post, consulting engineer for Cuyamaca Water Co., obtained the follow- 
ing flood data at approximately the same location (PI. XI, A): Width, 187 feet; 
wet perimeter, 196 feet; area, 2,620 square feet; hydraulic radius, 13.4; slope, 
0.0035 (in 1,600 ieet). If the value of n in Kutter's formula is assumed as 0.035 
the discharge is 38,000 second-feet, or 201 second-feet per square mile of drain- 
age area. This discharge occurred during the afternoon of January 27. The 
crest leached Lakeside about 2 p. m. 

SAJT DIBOO RXVXB NXAR SAVTBB, OAL. 

Location. — ^In El Cajon grant at Mission dam, just above Oak Canyon, about half a 
mile below Spring Canyon, and 4} miles west of Santee, San Diego County. 

Drainage area. — 375 square miles (measured on topographic maps). 

Elevation. — About 275 feet above sea level, . 

Records available.— May 25, 1912, to January, 1916. 

Extremes of discharge. — 1912-1915: Maximum stage recorded, 13.6 feet Feb- 
ruary 11, 1915 (discharge, 3,960 second-feet); minimum stage, dry for several 
months each year except for the small amount of ground water rising to the sur- 
face at the dam. 

Maximum discharge in January, 1916.— On March 12, 1916, a cross section was 
taken 450 feet above the dam (PI. XII, A). The channel, which is in sand, is 
straight for some distance above and below the section measured for slope. The 
high water removed practically all brush and trees along both banks and left the 
channel clean and smooth. It is believed that the r^nains of the old Mission 
dam acted as a control and prevented, at least to a considerable extent, the scour 
that would otherwise have occurred in the bed of the stream. On this account 
no allowance for scoiu* has been made in computing the area at maximum stage. 
The crest of the flood reached the gaging station during the afternoon of Jan- 
uary 27. At Lakeside (PI. XIII), 8^ miles upstream, it was reported that the 
crest occurred between 2 and 4 p. m. and at San Di^go, 12} miles downstream, at 
7 p.m. 

The maximum gage height at the dam was 25.1 feet (291.5 feet above sea level). 
The discharge is estimated as follows: Width, 310 feet; wet perimeter, 320 feet; 
area, 4,200 square feet; hydraulic radius, 13.1; slope of water surface on March 
12, 1916, 0.0037 (for 875 feet). If the value of n in Kutter's formula is assumed as 
0.03, the discharge was 70,200 second-feet, or 187 second-feet per square mile of 
drainage area. 
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g. «. QCOUXUCAL SURVEY WATER-SUPPLY PAPER ♦M PLATE XII 



A. VIEW UP SAN DIEGO RIVER AT MISSION DAM. NEAR SANTEE, AFTER FLOOD OF JANUARY. 

1916. 



B. VIEW UP MISSION VALLEY, SAN DIEGO RIVER, FROM OLD MUNICIPAL PUMPING PLANT, AFTER 

FLOOD OF JANUARY 1916. 
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Measurements of ctobb sections and slope, above and below Masnon dam, made 
by J. F. Covert, engineer, Sweetwater Water Co., were used by F. C. Finkle, 
consulting engineer, to compute the maximum dischaige, with the following 
results: 

At Mission dam. — ^Mean area, 5,272 square feet; mean wet perimeter, 390 feet; 
mean hydraulic radius, 13.5; slope, 0.0027; assumed value of n in Kutter's 
foimula, 0.03; coefficient e, 76.9; mean velooity, 14.7 feet per second; dischaige, 
77,390 second-feet. 

TiM> miUs below Mission dam. — ^Mean area, 4,834 square feet; mean wet perimeter, 
286 feet; mean hydraulic radius, 17.1; slope, 0.0031; assumed value of n in Kutter's 
formula, 0.035; coefficient c, 69.7; mean velocity, 16.1 feet per second; dischaige, 
78,510 second-feet. 

SAV DIBOO BIVBB AT SAV DIBOO, CAL. 

Location.— At highway bridge in Block 391, Old Town subdivision, city of San 
Diego, San Diego County, and about 1} miles above mouth (PI. Vll, A). 

Drainaob arka.— 434 square miles (measured on topographic maps); 431 squaie 
miles at Murray Canyon ford, 2 miles upstream. 

Elbvation. — ^Practically sea level. 

Rbcobbs available. — October 1, 1912, to January, 1916. 

Gaob. — ^Inclined staff on left bank at bridge. 

DiscHABOB MBASURBMBNTS. — ^liado from coucrete highway bridge until its failure 
at 2.20 p. m., January 27, 1916; after this date at the Atchison, Topeka & Santa 
Fe Railway bridge, a short distance below. 

Channel and control. — Composed of sand; shifting. 

Extreme or disgharob. — 1912-1915: Maximum stage recorded, 16.61 feet February 
21, 1914 (approximate discharge, 9,500 second-feet); minimum stage, dry for 
several months during each year. 

Maximum discharob in January, 1916. — The crest of the second flood occurred at 
7 p. m., January 27. The dischaige was estimated as 75,000 second-feet, or 173 
second-feet per square mile. 

AccuRACT.— On accoimt of the shifting of the channel, the gage height record for 
periods not covered by discharge measurements is of little value. Daily dis- 
charge reported was computed from a hydrograph drawn through the discharge 
measurements and conforming in general shape with that determined for San 
Luis Rey River at Oceanside. The crest discharge on January 27, 1916, was 
estimated from the computed maximum dischaige at Mission dam. Results 
considered fair. 
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Discharge measurements of San Diego River at San Diego, Cal. , during January , 1916. 





Made by- 


Oage 
height. 


Dis- 
charge. 


Remarks. 


Date. 


Time of 

measuro- 

ment. 


Method. 


Jan. 17 


R. W, Day 


FeH. 
13.55 
13.45 
13.34 
12.1 
9.1 
7.8 
7.1 
9.0 
9.96 


See.-ft. 
10,400 
10,100 
7,380 
8,650 
2,180 
1820 
1,270 
11,100 
6,560 


Oa.m 

10 a.m.... 
3p. m 


Floats. 


17 


do 


Do. 


18 


. ...do 


Do. 


19 


Ellis and McFadden 


Noon ; Do. 


20 


....do 


11 a.m....* Do. 


21 


W. D. McFadden 


Noon Meter. 


22 

28 


do 

EUis and Day 


...do i Do. 

9a.m 1 Floats. 


29 


R.W.Day 


11a. m Do. 











Note.— Mean velocities taken as 85 per cent of suriiaoe vebdties obtained from floats. 

Gage height, in feet, and discharge, in second-feet, of San Diego River at San Diego, Cal., 

for January, 1916. 



Date. 


Time. 


he^t. 


Dis» 
charge. 


Mean 

dally 

discharge. 


Jan. 1-16 








Drv. 


17 . . 


0.30 a.m.. 
12 p.m.... 

Sp.m 

12m 

11a.m.... 

12m 

12m 

12m 

10 a.m.... 
11a.m.... 
11a.m.... 

4p. m 

7 a. m 

3.30 p.m.. 

7p.m 

9a. m 

11a.m.... 


13.5 

13.85 

13.34 

12.1 

9.1 

7.8 

7.1 

7.3 

7.2 

6.9 

8.0 

8.1 

12,0 

17.3 

19.3 

9.9 

9.98 


10,200 
32,000 
7380 
8660 
2180 
1820 
1,370 
1400 
1330 
1130 
3,600 
3,000 
18,200 
59,500 
75,000 
11,100 
6,560 


13,400 


18 . 


]z,v» 


19 


^320 


20 


2,550 


21 


L760 


22 


1,310 


23 


L380 


24 : 


1260 
1,280 


25 


26 


8,000 

"■*i8,'6o6 


27 








28 


13,200 


29 


5! 080 


30 


2.750 


31 








1)280 









NoTB.— Water began flowing early in morning, Jan. 17; crest of first flood at midnight Jan. 17; crest of 
second flood at 7 p. m., Jan. 27. Concrete highway bridge failed at 2.20 p. m. Jan. 27. 

BOULDB& CBEEK AT CUTAMACA RESERVOIR, EEAR JULIAN, GAL. 

Location. — ^In Cuyamaca grant, 12 miles above junction with San Diego RiYer, and 
7 miles south of Julian, San Di^o County. 

Drainage area. — 12 square miles, including area of reservoir, which is about 1 
square mile (measured on topographic map). 

Elevation. — ^About 4,650 feet above sea level. 

Becords available. — June 19, 1912, to January, 1916. Records show only the 
amount of stored water released to supply San Diego flume. 

Beservoir. — Cuyamaca dam, completed in 1886, was one of the first earth dams built 
in California for irrigation storage. The hdght, as oiiginally constructed, was 
35 feet. In 1894 the dam was enlarged, increasing the capacity of the reservoir 
to 11,400 acre-feet. The present dam is 635 feet long and 41 J feet high, having 
an upstream slope of 2 :1 and a downstream slope of 1} :1. The water released 
from the reservoir flows down the natural channel of Boulder Creek and San 
Diego Biver to the intake of San Diego flume. 



Digitized by 



Google 



FLOOD BUN-OPF. 



55 



Flood dischaboe January, 1916. — ^W. S. Poet, conmiltiiig engineer for Guyamaca 
Water Co., computed the run-off, from the 11 square miles of drainage area tribu- 
tary to the reservoir, for January 13 to 31, 1916. The estimates, which follow, 
are based upon very complete reports which give elevation of water surface in 
the reservoir, spillway dischaige, rainfall records, etc. 

Discharge, in second-feet, of Boulder Creeh at CSiyamaca reservoir , near Julian, Cal., 

for January, 1916. 



Date. 



Hour. 



Instan- 



discbarge 
from 11 
square 
nuIeB.a 



disduuge 
per 

square 
mUe. 



Total 



from i: 
square 
mUM. 



Jan. 13 
14 
15 
16 
17 
18 
19 

ao 

21 
22 
23 

24 
25 

2B 
27 



5 p.m.. 
5 p.m.. 
5 p.m.. 
5 p.m.. 
5 p.m.. 
5 p.m.. 
5 p.m.. 
5 p.m.. 
5 p.m.. 
5 p.m.. 
5 p.m.. 
5 p.m.. 



5 p.m.. 
8a.m... 
10 a.m.. 
5p.m.. 
5a.m... 
5p.m.. 
5a.m... 
5 p.m.. 
5a.m... 

5 p.m.. 
5a.m.., 

6 p.m.. 



3 

50 

125 

534 

865 

465 





20 

39 

32 

20 



715 

1,825 

1,671 

2,393 

1,126 

383 

380 

200 

137 

88 

100 

95 





3 


5 


50 


11 


125 


48 


634 


79 


866 


41 


455 












2 


ao 


3 


39 


3 


32 


3 


20 







66 


715 


166 


2,100 


162 




217 




102 


823 


35 




86 


153 


17 




12 


137 


8 




9 


lao 


9 





• Does not inolude precipitation on reseiToir area, which b about 1 square mile. 
Totalnm^ for m«th{5J^~^- 5iJi- - - 

SAJr VICSVTB CBSSK AT F08TSH, CAL. 

Location. — In sec. 31, T. 14 S., R. 1 E., about three-eighths of a mile above Foster, 
San Diego Coimty, and 3} miles above junction with San Diego River. 

Drainage area. — ^74.9 square miles (measured on topographic map). 

Elevation. — About 600 feet above sea level. 

Records ayailablb.— January 29 to April 4, 1915. 

Extremes of discharoe. — 1915: Maximum stage recorded, 6.5 feet February 11, 
1915 (dischaige, 1,190 second-feet); minimum stage, dry for several months during 
the year. 

Maxhittv discharge January, 1916. — On March 15, 1916, a cross section was 
measured 600 feet above abandoned gaging station (PI. XI, B). The bed is 
composed of sand, fine gfavel, and small bouldeis; channel clean except for trees 
and brush that grow along banks near the high water mark. The water was over 
the higihway on left bank at the point where the cross-section was taken. The 
higih-water slope was found to be 2.44 feet in 685 feet, which was somewhat less 
than the slope of the present water surface, owing probably to the slight con- 
traction of the channel and curvature below. The channel is practically straight 
teat the distance covered by the slope data. 

The maximum discharge, which occurred January 27, is estimated as follows: 
Width, 190 feet; wet perimeter, 198 feet; area, 1,940 square feet; high water slope, 
.0036. If the value of n in Kutter's formula is assumed as .045, the dischaige 
is 18,600 second-feet, or 248 second-feet per square mile of drainage area. 
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8WITZB& OAmrOV AT SAV DISOO, CAL. 

The following information was furnished by Mr. George Cromwell, 
city engineer, San Diego, Cal.: 

. The drainage area of this stream above the point of measurement is 3. 55 square 
miles: 1 square mile lies within the City Park and, except for a small part under 
cultivation, is in its original state as rough land covered with brush; and 2. 55 square 
miles comprise subdivided residence property with graded streets. The mftTimiiTn 
rate of run-off, which occurred at 7 a. m., January 27, 1916, was 668.5 second-feet, 
or 188 second-feet per square mile. 

SAN DrBGITITO BIVEB BASIN. 
GSirSBAL FKATTTRXS. 

San Diegmto River, or Santa Ysabel Creek, as it is known from its 
source to the San Pasqual Valley, rises in the Volcan Mountains on 
the western slope of the Coast Range and flows westward through 
San Pasqual Valley, below which it takes its true name, and dis- 
charges into the Pacific Ocean midway between Oceanside and San 
Diego. Its length is 50 miles, and the maximum width of the drain- 
age basin about 15 miles. The total drainage area is approximately 
340 square miles. It lies south of San Luis Rey River and north of 
the San Diego River basin. 

Numerous small tributaries enter Santa Ysabel Creek from its 
source to San Pasqual Valley, the most important being Black Can- 
yon and Temescal creeks from the north and Santa Maria Creek from 
the south. Above the San Pasqual Valley the creek maintains a 
light flow throughout the year, but below that point the channel is 
dry during the summer months. 

The upper part of the basin is rough, the surface being cut by 
many canyons. The lower part in the foothills is more rolling, with 
large areas of valley and high mesa land. The formation is a loose 
granite. The basin has very little timber, the principal cover being 
brush, grass, and a few scattered oaks. 

The mean annual rainfall ranges from 10 to 15 inches along the 
foothills and from 20 to 40 inches in the moimtains. 

SAITTA YSABSL CBXBK HBAB MBSA G&AVDX, CAL. 

Location.— In the NW. i sec. 21, T. 12 S., R. 2 E., at Sutherland dam site, about 1 

mile below Sutherland, 1^ miles above mouth of Black Canyon Creek, and 4} 

miles southwest of Mesa Grande, San Diego County. 
Drainage area. — 53.4 square miles (measured on topographic map). 
Elevation.— About 1,900 feet above sea level. 
Records available .^December 29, 1912, to January, 1916. 
Gage. — Friez water-stage recorder on right bank just above dam site; instrument 

was removed by flood January 27. 
Discharge measurements.— Made from cable at gage or by wading; equipment 

destroyed by the January flood. 
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CHAjmBL AND CONTROL. — Shifting Band above and below station. A concrete 
control was constructed at an outcropping of bedrock 20 feet below gage. Banks 
are high, covered with brush, and not likely to be overflowed. Zero flow occurs 
at zero gage height. 

ExTSEMBs OF DiscHARGB. — ^1912-1915: Maxlmum stage recorded, 4.53 feet Feb- 
ruary 11, 1915 (discharge, 1,040 second-feet); minimum stage dry October 1 and 
2, 1913, August 12 to 29 and September 6 to 13, 1914. 

Maxhivm discharge in January, 1916. — ^The maximum stage was 11.0 feet at noon 
January 27. Measurements of cross-section and sloi>e made a short distance above 
RamonarMesa Grande highway bridge (PI. XIV, A) and about a mile below 
gaging station on May 23, 1916, were furnished by W. S. Post, consulting engineer 
for Volcan Land & Water Co., as follows: Area, 1,180 square feet; wet perimeter, 
149 feet; hydraulic radius, 7. 9; high water slope from 600 feet above cross-section 
to 500 feet below, 0. 02; width, 144 feet. If the value of n in Kutter 's formula is 
assumed as 0. 5 (channel composed of boulders and is rough), the discharge is 
21,100 second-feet, or 395 second-feet per square mile of drainage area. 

AcctTRACT. — ^Results during flood period are considered fair. Water-stage recorder 
was in operation January 1 to 15 and 22 to 27. For the remainder of the month 
the staff gage was read once or twice daily. 

The following discharge measurement was made by W. J. Isbell: 
January 11, 1916: Grage-height, 1. 04 feet; discharge, 35 second-feet. 

Diaduxrge, in second-feet ^ of Santa Ysabel Creek near Mesa Qrande, Col,, for January^ 

1916. 



Date. 






Mean. 


Date. 


MaximiiTn. 


Minimum. 


Mean. 


Jan. 1 






4 

10 
12 

9 
10 
10 

9.5 

8 
18 
62 
45 
19 
15 
36 
54 
405 


Jan. 17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

1 


10,600 
6,500 
3,660 
1,940 


1,550 

2.500 

1,940 

660 


4,130 


2 






4,200 


3 






2,580 


4 






1,280 


5 






600 


6 










480 


7 










235 


8 










200 


9 






660 

460 

21,100 

8,550 

2.400 


200 

350 

400 

2,400 

1,000 


416 


10 






406 


11 






10,800 


12 






4 720 


13 






1,520 


14 






800 


15 










560 


16 


l,7fi0 


50 









Total niiwrfr tor mcmthlJS^-ji^-^i^ 

SAITTA YSABBL OBSSK NEAB BAMOKA. CAL. 

Location.— In the NE. i sec. 27, T. 12 S., R. 1 E., at Pamo Camp, 1 mile below 
mouth of Temescal Creek, and about 4 miles north of Ramona, San Diego County. 

Drainage area. — 110 square miles (measured on topographic map). 

Elevation. — About 925 feet above sea level. 

Records available. — February 5, 1912, to January, 1916. 

Gage. — Staff in four sections on left bank, with a short vertical section at concrete 
control for use during extreme low water. Read three times a day and more 
frequently during high water. Destroyed by high water January 16. Observa- 
tions for the remainder of the month were made by setting stakes at water sur- 
face and later referring them to gage datum by leveling. New staff was installed 
January 31 at proposed dam site about half a mile down stream. 

DiscELuaos MEASUREMENTS. — ^Made from cable at gage or by wading. Cable was 
washed out on January 17, reinstalled January 26, and again destroyed Janu- 
ary 27. 
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Channel and control.— CompoBed of eand and some boulders; somewhat shifting. 
On November 19, 1912, a concrete control was built about 30 feet below gage. 
The floods January 17 and 27, 1916, formed an entirely new channel to left of 
control. 

Extremes ov discharob. — 1912-1915: Maximum stage recorded, 8.05 feet, Feb- 
ruary 11, 1915 (discharge, 3,330 second-feet); iwininifiTn stage, 0.74 foot, October 
1 to 6, 1916 (discharge, 0.1 second-foot). 

Maxihuh discharge in January, 1916. — ^Measurements of cross section and slope data 
were made March 14, 1916, about half a mile below gaging station (PI. XIV, B). 
The channel, which is composed of large boulders, gravel, and sand, is a little 
rough, and is clean, except for a few small willows. It is slightly curved between 
points covered by slope data. The maTimum discharge, which occurred at 7 
p. m. January 27, has been computed as follows: Width, 271 feet; wet perimeter, 
276 feet; area, 2,070 square feet; hydraulic radius, 7.5; slope of present water 
sur&tce, 0.0067 (for 455 feet). If the value of n in Eutter's f(»rmula is assomed as 
0.035, the discharge is 28,400 second-feet, or 258 second-feet per square mile of 
drainage area. 

The crest of the flood at 9 p. m., January 17, estimated from the Mesa Grande 
record, was 14,300 second-feet. 

Accuract. — Results considered approximate. The gage-height records January 1 
to 15 were lost during the flood. Discharge for this period estimated from Mesa 
Grande record and hydrographer's notes. Discharge January 16 to 30 computed 
from a hydrograph defined by discharge measurements and computed discharge, 
and having the general shape of the hydrograph for Sanla Ysabel Creek near Mesa 
Grande. 

Discharge fMagwremenU of Santa Ysabel Creek near Ramana, Cal.^ for January and 

February, 1916. 



Date. 


Made by— 


Oase 
heSht. 


Dls- 
charge. 


Date. 


Made by- 


Gase 
height. 


Dls- 
dhaige. 


Jan. 11 


W.f.bben 


Feet. 
1.83 
2.60 


631 


Feb. 1 


W. D.McFadden 


Feet, 
4.80 


Sec,-rt. 
a 742 


26 


W.D.HoIWlitan 





a Float measurement. 



Mean daily discharffe, in second-feet^ qf Santa Ysahel Creek near Ramona, Cal,,for Jan- 
uary, 1916. 



^ Day. 


Discharge. 


Day. 


Discharge. 


Day. 


Discharge. 


Day. 


Discharge. 


Jan.1 

2 

8 

4 

5 

6 

7 

8 


7 
17 

ao 

16 
17 
17 
16 
12 


Jan. 9 

10 

11 

13 

13 

14 

16 

16 


28 
95 
69 
29 
23 
66 
81 
664 


Jan. 17 

18 

19 

20 

21 

22 

23 

34. 


6,060 

7,420 

8,680 

2,110 

865 

660 

460 

400 


Jan. 25 

26 

27 

28 

29 

80 

31 


668 
611 
14,100 
9>740 
2,540 
1,160 
865 



Total nm^fl for month{52^«l^-liit«^n'(^^ 

SAV DXBOtnro bivx& hsab bessabdo, oal. 

Location.— In the SB. i NW. i sec. 18, T. 13 S., R. 2 W., at Carroll dam site, 5i miles 
downstream from former station at Bernardo bridge, about lOi miles above mouth 
of river, and 4 miles southwest of Bernardo, San Diego County. 
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O. t. OEOLOQICAL SURVEY WATER-SUPPLY PAPER 42« PLATE XIV 



A. VIEW UPSTREAM ON SANTA YSABEL CREEK NEAR MESA GRANDE. AFTER FLOOD OF JANUARY, 

1916. 



B, VIEW ACROSS SANTA YSABEL CREEK NEAR RAMONA, AFTER FLOOD OF JANUARY, 1916. 
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U. S. QEOLOQICAL SURVEY WATER-SUPPLY PAPER 42« PLATE XV 



A. VIEW DOWNSTREAM ON SAN DIEGUITO RIVER AT CARROLL DAM SITE. NEAR BERNARDO, 
AFTER FLOOD OF JANUARY, 1916. 



B. VIEW DOWNSTREAM ON SANTA MARIA CREEK NEAR RAMONA, IN 1917. 
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Drainaob asba. — ^299 square miles (measured on topographic maps) ; 266 square miles 
for station at Bernardo. 

Elevation. — About 150 feet above sea level. 

RscouM AVAILABLE.— April 17, 1912, to September 30, 1915, for station at Bernardo. 

Gage. — ^Vertical staff in 4 sections on right bank at dam site. 

DisoHAROE MEASUREMENTS. — Equipment not yet installed. Wading measurements 
have been made at gage. 

Channel and control. — Shifting sand with bed rock outcropping about 400 feet 
below gage (PI. XV, il). 

Extremes of discharge. — 1912-1915: Maximum stage recorded, 17.8 feet February 
II, 1915 (dischaige, 5,050 second-feet) ; minimiun stage, practically dry for several 
months each year (for Bernardo station). 

Maximum discharge in. January, 1916. — ^The maximum stage was reported as 21. 2 
feet and occurred at from 1 p. m. to 3 p. m. January 27. Measurements of slope 
and two cross sections made at the dam site were furnished by W. S. Post, con- 
sulting engineer for Volcan Land & Water Co., as follows: Mean area, 4,870 square 
feet (correction was made for scour in channel as a profile of the bed rock was 
available); mean hydraulic radius, 17.25; high- water slope, 0.0033 (for 705 feet). 
If the vidue of n in Kutter's formula is assumed as 0.04, the discharge is 72,100 
second-feet, or 241 second-feet per square mile of drainage area. 

Accuracy. — Discharge January 1 to 16 computed from records obtained at station at 
Bernardo. On January 17 the equipment at this station was destroyed and the 
channel greatly changed by the high water. For January 17 to 31, discharge 
record at Carroll dam site has been fuLrnished by W. S. Post. These computations 
are based upon the gage-height record and rating curves defined by later meas- 
urements and flood discharge computed from data on cross section and slope. 
Mean daily discharge computed from hydrograph defined by these data and con- 
forming in general shape to the hydrographs for other stations in the same and 
adjoining drainage basins. 

Mean daily dUcharge, in second-feet j of San Dieffuiio River near Bernardo^ Cal.^for Jan" 

uary, 1916. 



Day. 


Discharge.' 


D.y. 


Discharge. 


1 

Day. 


Discbarge. 


Day. 


Di8oharge» 


Jaii.l 


22 , 


Jan. 9 


32 


! Jan. 17 


11,800 


Jan. 25 


1,060 


2 


22 


10 


46 


18 


27,000 


26 


2,950 


3 


27 


11 


257 


19 


14,800 


27 


37,200 


4 


22 


12 


100 


30 


5,220 


28 


15,100 


5 


22 


13...... 


82 


21 


1,730 


29 


4,750 


e 


32 


14...... 


74 


22 


900 


30 


2,200 


7 


32 


15 


230 


23 


602 


31 


1,220 


8 


32 


16 


1,810 


24 


708 







fftcrivfflot 257 500 

Totalnii^ollformonth|^gptl^tj^j--i;^--^j^-^ 1^14 

NoTB.—- Discharge, Jan. 1-16, is for former station at Bernardo. The run-off for this period for the area 
between Bernardo bridge and Carroll dam site is believed to be negligible. 

BAjrTA MARIA OBSEK HEAR KAXOHA, CAL. 

Location.— In the SE. i sec. 11, T. 13 S., R. 1 W., about 7 miles below mouth of 

Hatfield Creek, and 5) miles west of Ramona, San Diego County. 
Drainage abba. — 57.3 square miles (measured on topographic map). 
Elevation.— About 1,300 feet above sea level. 
Recobds ayailable.— November 6, 1912 to January, 1916. 
Gage. — ^Friez water-etage recorder on right bank just above concrete control, with 

staff in two sections on opposite bank. Water-stage recorder was destroyed by 

January flood. 
Discharge measubbmsnts.— Made from cable 100 feet below gage or by wading; 

equipment was destroyed by the January flood. 
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Channel and control. — Shifting sand above and below station. Concrete control 
installed just below gage at an outcropping of solid rock. Zero flow occurs at a 
gage height of about 1.32 feet. 

About 1,000 feet below gage, valley narrows to a rocky gorge at proposed dam 
site. There appears to be considerable natural storage in the cliannel at extreme 
high water. The slope of the water surface at maximum flood stage was found 
to be much less than at low or medium discharge. 

Extremes of discharge. — 1912-^1915: Maximum stage recorded, 7.05 feet February 
10, 1915 (discharge 1,890 second-feet); minimum stage, dry for sev^^l months 
each year. 

Maximum discharge in January, 1916. — ^Measurements of slope and cross seotion 
were made at the gaging station (PI. XV, B) on March 14, 1916. The cross sec- 
tion was taken 315 feet below sta£f gage. The channel, which is composed prin- 
cipally of sand, is straight and clean except for a few trees on left bank below 
gage. About 1,000 feet below station valley narrows to a rock gorge which causes 
some natural storage in the channel during flood stages. The TnATi'imim gage 
height, as determined from flood marks, was 15.9 feet and occurred at about 
6 p. m. January 27. The maximum discharge has been computed as follows: 
Width, 238 feet; wet perimeter, 242 feet; area, 2,040 square feet; hydraulic radius, 
8.4; slope of water surface at maximum stage, 0.00037 (for 1,010 feet). The slope 
of l^e water sur^e March 14 was .0059 (for 575 feet) . If the value of n in Kutter*a 
formula is assumed as 0.035, the discharge is 7.140 second-feet, or 125 second-feet 
per square mile or drainage area. 

AocxTRACT. — Results considered reliable. Grage was read two to six times a day during 
high water. The concrete control was not injured by the flood. 

Discharge measurements of Santa Maria Creek near Ramona, Col., for January and 

February^ 1916. 



Date. 


Made by— 


^, 


charge. 


Date. 


ICadebT- 


^. 


Dla- 
onaige. 


Jan. 4 


W. J.IsbeU 


Feet. 
1.37 
1.80 


2.4 


Jan. 34 
Feb. 3 


W. D. MePadden 

DayandMcFadden.... 


Feet. 
2.70 
3.45 


8ee.-ft. 
75 


11 


do 


144 



Discharge^ in second-feet, of Santa Maria Creek near Ramona, Cal.yfor January , 1926. 



Date. 




Minimum. 


Mean. 


1 nat^. 


Maximiun. 


"Hfiwimnin 


Mean. 


Jan. 1 






0.2 
.2 
.2 
.0 
.0 

.0 
.0 
.2 
.2 
.4 

2.4 

1.5 
1.0 
2.5 
4.0 
1,200 


Jan. 17 
18 
10 
20 
21 

22 
23 

24 
25 
26 

27 
28 
29 
30 
31 


3,720 

3,310 

1,280 

518 

178 

150 

90 

71 

816 

3.360 

7,140 

2,880 

430 

410 

208 


2,210 

1,280 

618 

178- 

150 

90 
71 
71 
71 
816 

430 

112 
208 
136 


2,820 
1,060 


2 






3 






914 


4 






283 


5 






163 


6 


• 




113 


7 






78 


8 


. . .. 





71 


9 


:::::::::::::.::::::::::;;:: 


275 


10 






1,970 


11 






4,900 

1,370 

223 


12 






13 






14 






322 


15 






150 


16 

















ToUl ni«.ff for moa^'^^^-^--^^^i^-^-: 
Note.— Discharge January 4 to 7 less tban 0.1 second-foot. 



33,500 
10.96 
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aAN LTTES BBY BIVSB BASIN. 
GZVE&AL FEATTmBS. 

San Luis Bey River drains an area comprisiDg 565 square miles 
lying wholly in the northern part of San Diego County and extending 
from the crest of the Coast Range to the Pacific Ocean, a distance of 
65 miles, with a maximmn width of about 16 miles. 

The river is formed by many small streams which rise in the higher 
elevations of the Coast Range and come together at the lower or west 
end of what is known as Warner's valley. Below this point the river 
flows for a distance of 10 miles through a deep narrow canyon with a 
heavy grade, then over a sandy and gravelly bed with medium grade for 
some 40 miles, finally discharging into the Pacific Ocean at Oceanside. 

Altitudes within this basin range from 50 to 500 feet in the foothills 
in the vicinity of Oceanside and from 500 to 6,000 feet on the moun- 
tains. Palomar Mountain, the highest peak in the basin, is 6,126- 
feet above sea level. The upper portion of the basin is more or less 
rolling, and several of the valleys are under cidtivation and are used 
extensively for stock raising; the middle part, occupied by the river 
in its canyon, is rough; on the lower reaches the smiace becomes less 
rugged, merging into the foothills, which extend to the coast. The 
rocks are granitic. 

The basin is poorly forested. Some fairly good timber is foimd on 
the higher elevations, but the greater part of the cover is brush and 
grass with a scattered growth of oaks. 

The mean annual precipitation in this basin ranges from about 10 
to 50 inches, gradually increasing with altitude. It occurs almost 
entirely as rain, snow appearing only occasionally on the high eleva- 
tions. 

SAV LUIS BET RIVEK KKAR MESA ORAITDB, OAL. 

Location. — In the NE. J see. 9, T. 11 S., K. 2 E., 1 mile below Warner dam site and 

mouth of Carrizo Creek, and about 5 miles north of Mesa Grande, San Di^^o County. 
Drainage area. — ^209 square miles (measured on topographic and military survey 

maps). 
Elevation. — ^About 2,650 feet above sea level. 
Kecords available. — October 3, 1911 to January 1916. 
Gage. — Barrett & Lawrence water-stage recorder on left bank just above concrete 

weir; destroyed by high water during night, January 16, 1916. Staff gage at 

same location and datum as water-stage recorder read frequently January 17 

to 31 by an engineer of the Volcan Land & Water Co. 
Discharge measurements. — Made from cable about a mile above gage or by wading. 
Channel and control. — Composed of sand and gravel; somewhat shifting. The 

concrete weir which acted as a control was practically destroyed by the high water. 
Extremes op discharge. — 1911-1915: Maximum stage recorded, 7.5 feet Februarj'- 

21, 1914 (discharge 3,470 second-feet); minimum stage, 0.09 foot August 31, 1914 

(discharge, estimated, 0.2 second-foot). 
Maximum discharge in January, 1916. — ^Measurements of cross sections and slope 

made a short distance below dam site, were furnished by W. S. Post, consulting 

engineer, for Volcan Land <& Water Co., as follows: 
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Mean area, 2,9<K) square feet; mean wet perimeter, 242 feet; mean hydraulic 
radius, 12.2; liigh Water alope over QOO-foot range (from SOO feet above to 600 feet 
below cable), 0.0073. If the value of n in Kutter's formula is assumed as 0.035, 
the discharge is 58,600 second-feet, or 280 second-feet per square mile of dranage 
area. No correction was made to the area for probable scour in channel at crest 
of flood. 
Accuracy. — ^Results considered good. Gage read frequently except during night. 

Discharge meaauremenis of San Lui$ Rey River near Mesa Qrande, Col., during Jantunry^ 

1916, 

HadebyW.J.Isben. 



Date. 


Oage 
helgit. 


Dl». 
charge. 


Time of 

measore- 

ment. 


Date. 


height. 


Dis- 
charge. 


Timeof 

measony 

ment. 


Jan. 1 


Pea, 
0.36 
.42 

.39 
.86 
1.68 


16 
24 
21 
103 
248 




Jan. 18 


9.06 
5.44 
1.78 
2.38 
6.70 


a9.850 

2,630 

364 

a 561 

a3,830 


11 a. m 


3. 


9 a.m. 
4p.m 
11 a. m 
11 a. m 


19 


3 p.m. 
11a m 


7 


23 


9 


26 


10 a m 


16 


28 


11 a. m 









a Made from cable. 

Discharge t in second-feet , of San Luis Rey River near Mesa Grande^ CaL^for January ^ 

1916. 



Date. 


Maximum. 


Minbnmn. 


Mean. ' 


Date.. 


Maxtoium. 


Auofliomsi* 


Mmh. 


Jan.' 1 






1 
16 
25 1 
24 
20 
29 
36 
21 
16 
103 
40 
42 
43 
44 
46 
170 
1,550 


Jan. 17 
18 
19 
20 
21 
22 
23 
24 
25 
96 
27 
28 
29 
30 
31 


24,400 

15,600 

4,350 

1,680 

505 

478 

390 

425 

1,190 

1,990 

58,600 

21,700 

l:l?8 

1,M0 


4,800 

4,350 

1,580 

595. 

478 

390 

325 

825 

355 

425 

1,990 

2,130 

1,630 

1,160 

895 


13,000 

10,100 

2,740 

806 


2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 










1 


636 


1 


428 


1 


352 


1 


354 


1 


775 


1 


806 


1 


28,100 


1 


6.130 




2,060 


14 




1,610 


15 


....!i.*!'.!"'M"--'- 


1,020 


16 


5,800 


210 





Tow ™°^ fc' •^"'Kd^li-todiiin Sitoi^ ^^^^^^^ 

NoTE.--Crest of flood Jan. 17 occurred atl.45 p. m., gage height 12.8 foet; January 27 at 4.30 p. m., gage 
height 18.0 feet. 

SAH LUIS AST UV^R FEA& KZLUB, OAL. 

Location. — In Potrero Indian Reservation (near west lino of sec. 33, T. 10 S., R. 1 

E., unsurveyed), 500 feet above intake of Escondido Mutual Water Co.'s canal, 

8 miles below gaging station at Warner dam site near Mesa Grande, and about 

4i miles southwest of Nellie, San Diego County. 
Drainage abea. — ^240 square miles (measured on topographic and military-survey 

maps). 
Elevation.— About 1,800 feet above sea level. 
Gaoe. — ^Friez water-stjjge recorder on left bank, with reinforced concrete well, 500 

feet above intake of Escondido Mutual Water Co.'s canal; equipment destroyed 

by January flood. 
Discharge measurements.— Made from cable 400 feet above gage or by wading; 

equipment destroyed by January flood. 
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Chanksl and coNTaoL.— Oompoeed of sand and boulden overlying solid rock. A 
concrete control, extending to bedrock, was built across channel about 30 feet 
below gage. 

AccuRAGT. — ^Record for January considered approximate. No gage-height record 
available, except January 1 to 8, as water-stage recorder was destroyed by the flood. 
Discharge January 9 to 14 estunated from Mesa Grande record, that for rest of 
month estimated from flood studies at Mesa Grande, records at Oceanside, and 
mean rainfall computed for drainage area. 

DMuxrge measuaremenU of San Luis Rey River, riear Nellie, Cal.yfor Janucary, 1916. 

[Made by W. J. IsbeU.] 



Date. 


bS^Si. 


Dis- 
charge. 


Date. 


hSSS. 


Dis- 
charge. 


j»ii.8 


Fea. 
1.30 
2.30 


See^t. 
22 
104 


Jan. 22 


Fea. 
3.02 


8ee^^ 
571 


15 










Mean daily discharge, in second-feet, of San Luis Rey River near Nellie, Cal.,for January , 

1916. 


Date. 


Dis- 
charge. 


Date. 


Dl*. 
charge. 


Date. 


Di». 
charge. 


Date. 


Dis- 
chanse. 


Jan.1 

2 

3 

4 


25 
43 
41 
26 


Jan. 5 



7 

8 


38 
48 
20 
22 


Jan. 

10 

11 

12 


140 
56 
58 

50 


Jan. 13 

14 

15 


60 
63 
194 



Total run^ 'ormanth{52^*ji«|i-i;i- 1«^ 

8AXr LITIS REY BIVSK HSAB PAIA, OAL. 

Location. — ^Above ford on road to Sickler's mill, in the NW. J sec. 31, T. 9 6., R. 1 

W., about 4 mUes southeast of Pala, San Diego County. 
Dbainaob area.«-^22 square miles (measured on topographic and military-survey 

maps). 
Elevation. — About 575 feet above sea level. 
Records available.— October 9, 1903. to June 30, 1911, and November 14, 1912, to 

January, 1916. 
Gaqe. — ^Friez waternstage recorder on left bank 600 feet above ford. Previous to 

September 19, 1912, records were obtained from staff gage about 50 feet above 

ford. November 13, 1906, original gage datum was lowered 4.66 feet. Present 

gage is at an independent datum. Water-stage recorder was removed by high 

water in January; no record after January 16, 1916. 
Discharge measurements. — ^Made from cable 550 feet below water-stage recorder 

or by wading. 
Channel and control. — Composed of sand, gravel, and boulders; shifting. An 

artificial control, consisting of short concrete cut-off walls between the boulders, 

was rebuilt across the channel just below gage on September 28, 1914, and was 

destroyed by flood of January, 1916. Stage of zero flow for new control, about 5.7 

feet. 
ExTRSMXB or DISCHARGE. — 1905-1915: Maximum stage recorded, 12.0 feet (original 

datum) at noon and at 2 p. m. March 24, 1906 (discharge, 22,000 second-feet); 

minimum stage, 5.28 feet August 6 and 7, 1907 (discharge, 0.6 second-foot). 
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Maximum discharob in January, 1916. — ^Maximum stage reached duiiDg flood was 
18.1 feet, 98 determined by leveling from high-water mark. Maidmum discharge 
was approximately 75,000 second-feet (see San Luis Key at Pala). 

Accuracy.— Besults January 1 to 16 considered good; no gage-height record after 
January 16, as equipment was destroyed. Discharge January 17 to 31 estimated 
from flood studies of Mesa Grande and Oceanside records, and mean rainfall 
computed for drainage area. 

Mean daily discharge j in second-feet, of San Luis Rey River near Pala, Cal.,for January, 

1916. 



Date. 


Dis- 
charge. 


Date. 


Dls- 
charge. 


Date. 


Di». 
charge. 


Date. 


Dis- 
charge. 


Jan.l 

2 

3 

4 


18 
18 
27 
18 


Jan. 5 

6 

7 

8 


18 
26 
25 
18 


Jan. 9 

10 

11 

12 


34 
119 
289 
161 


Jan. 13 

14 

15 

16 


99 

92 

311 

1,660 



Total runoff for m<mth{5^^*^;«|i -jiVh^" - -^^^ »}.0~ 

SAV LUIS BET BIVS& AT PALA, OAL. 

Location.— 300 feet above intake of South Side Pala Indian ditch, below Agua Tibia 
Creek, 1^ miles below Geological Survey gaging etation, and about 1^ miles 
southeast of Pala, San Di^go County. 

Drainage area. — 322 square miles (at Geological Survey gaging station, 1) miles 
upstream, measured on topographic and military-survey maps). 

Elevation.— About 500 feet above sea level. 

Flood discharge for January, 1916.— About 30 days after the flood,. Mr. C. H. 
Southworth, United States Indian Irrigation Service, measured cross-section 
and slope at this point and computed the maximum discharge for January 27, 
as follows: Area, 2,690 square feet; wet perimeter, 300 feet; hydraulic radius, 
8.9; slope, 0.012; assumed value of n inKutter's formula, 0.025; mean velocity, 
28.0 feet per second; discharge, 75,300 second-feet. 

SAH LUIS BET RIVER AT BOHSALL, CAL. 

Location.— In the SW. \ sec. 20, T. 10 S., R. 3 W., at concrete highway bridge at 
Bonsall, San Di^o County, just above Moosa Canyon^, about 14 miles below 
gaging station near Pala, and 14 miles above mouth of river. 

Drainage area. — 465 square miles (measured on topographic and military survey 
maps). 

Elevation.— About 150 feet above sea level. 

Records AVAILABLE.— -April 16, 1912, to January, 1916. 

Gage. — Staff in three sections on left bank at bridge; read twice daily. Previous 
staff was on left bank, 150 feet below present gage. Original datum not main- 
tained. 

Discharge measurements. — ^Made from bridge at gage or by wading. 

Channel and control. — Composed of sand; shifting. 

Extremes of discharge. — 1912-1915: Maximum stage recorded, 7.0 feet February 
11, 1915 (discharge 9,000 second-feet); channel dry for several months each year. 

Maximum discharge in January, 1916. — Gage and highway bridge destroyed by 
high water; no record after January 15. Maximum discharge not estimated 
owing to instability of channel. 

Accuracy. — Results January 1 to 15 considered fair. Discharge for remainder of 
month estimated from flood studies of Mesa Grande and Oceanside records and 
mean rainfall computed for drainage area. 
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Mean daily dtKharge, in second-feet, of San Luig Rey River at BongaUy Cal.Jor Jtmuary, 

1916. 



Date. 


Db. 
charge. 


Dttte. 


Dis- 
obarge. 


Date. 


Dis- 
charge. 


Date. 


Dis. 
charge. 


Jan.l 

2 

3 

4 


67 
57 
57 
57 


Jan.5 



7 

8 




Jan. 9 

10 

11 

12 


67 
05 
320 
162 


Jan. 13 

14 

15 


86 

86 

268 



Total runH,ff for manthlS^jflJ- j^- — ^i;;^ «^^ 

8AV LUIS RXY BIVSB AT OCXAV8IDS, GAL. 

Location.— In the SB. \ NE. \ sec. 22, T. 11 S., R. 6 W., at highway bridge about 
half a mile above mouth, at Oceanside, San Diego County. 

Drajnaoe arba. — 565 square miles (measured on topographic and military survey 
maps); for gaging station opposite Oceanside pumping plant, 1} miles upstream, 
563 square miles. 

Elevation. — Sea level. 

Records available.— AprU 17, 1912, to September 90; 1915, for station opposite 
Oceanside pumping plant. 

Discharge measurements.— Made from concrete highway bridge until its failure 
at 9.30 p. m., January 27, 1916. Later measurements were made from a boat at 
approximately the same location (PI. VIII, A, p. 32). 

Channel and control. — Composed of sand; shifting. The dischaige measurement 
made at 6 p. m., January 27, 1916, indicated that the scour in the maiQ channel 
amounted to about 10 feet as compated with the cross section measured May, 25 
1916. 

Extremes or discharge. — 1912-1915: Maximum stage recorded at station opposite 
Oceanside pumping plant, 4.9 feet February 11, 1915 (approximate dischaige, 
7,000 second-feet); channel dry for several months during each year. 

Maximum discharge in January, 1916.— The crest dischaige of the flood on January 
17, 1916, was estimated from, the Mesa Grande record, using the ratio that obtained 
for the flood of January 27, at 40,000 second-feet. The crest dischaige, which 
occurred at 9.30 p. m. January 27, was estimated as follows: From a study of the 
cross section measured May 25 and the measurement at 6 p. m. January 27, it is 
evident that the maximum stage at 9.30 p. m. was at least 3.0 feet higher than 
at the time of the measurement. At the pumping plant, 1} miles upstream, 
where the channel is much wider, a rise of more than 2 feet was reported. Low 
tide occurred at 7.15 p. m. January 27 ; hence the maximum stage was not affected 
by the tide. Without TnalriTig any allowance for additional scour in the channel, 
the area at maximum stage would be 1, 860 square feet greater than at 6 p. m., 
or a total area of 6,370 square feet. The mean velocity has been estimated as 
15 feet per second. For the measurement at 6 p. m. it was 12.3 feet per second. 
The estimated maximum discharge is 95,600 second-feet, or 169 second-feet per 
square mile. 

Accuracy.— Mean daily dischaige January 16 to 31, 1916, computed from a hydro- 
graph based on discharge measurements and compared with the records on San 
Luis Rey River near Mesa Grande. Results considered fair. 
106922**— 18— wsp 426 5 
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Ditdwarge meatwrementa of San Lui$ Rey River at Oceanndej CaL, for January, 1916. 





ICadebT- 


brt^. 


Dto- 
^diarge. 


Remarks. 


Date. 


Time of 
measure- 
ment. 


Method. 


1910. 
Jan. 16 


McFadden and Ireland 


Fea. 
2.45 
6.0 
4.0 
4.0 
8.0 
S.6 
2.0 
1.8 
1.4 
1.4 
1.3 
1.3 
1.3 
1.8 
1.4 
1.6 
1.6 


"-4 

" 10 
» 
» 

» 
» 

SO 

» 

M) 
10 
» 

LO 
» 
X) 
10 
M 
K> 
» 
BO 


9a. m 

3p. m 

9a. m 

8p. m 

9a. m 

4p. m 

10 a.m.... 

9a. m 

11a.m.... 

4 p. m 

9a. m 

4 p. m 

9a. m 

4p. m 

9a. m 

4p. m 

9a. m 

10 a.m.... 

Op. m 

9a. m 

4 p. m 

4p. m 




17 


StroMt and Ireland 


Meter and floats. 


18 


do 


Floats. 


18 
19 


do 

do 


Do. 
Do. 


19 


do 


Do. 


ao 

21 


do 

do 


Do. 
Meter. 


22 


C. B. Ireland 


Do. 


22 
23 


do 

do 


Do. 
Do. 


23 


do 


Do. 


24 
24 


do 

do 


Do. 
Do. 


25 
25 


do 

do 


Do. 

Do. 


26 


do 


Do. 


27 


8trQ!it and Ireland 


Floats. 


27 
28 


do 

Stroat and Bowen. ..# 




Do. 
Do. 


ao 


0. 8. Stroat 




Do. 


31 


do 




Do. 











Note.— Mean velocities taken as 80 per cent of surCsoe velocities obtained from floats. 

Dxtchargti in 9eoond-feet, of San Luis Rey River at Oceanside, Col. , for January, 1916. 



Date. 


Mazimom. 


JunlmuDL. 


Mean. 


Date. 


Iffiarffnpm. 


Minlmom. 


Mean. 


Jan. 10 


0,500 


216 


3.180 


Jan. 24 


1,200 


1,000 


1,110 


17 


40,000 


10,000 


30,800 


25 


1,600 


1,100 


1,400 


18 


21,500 


13,500 


18,100 


26 


3,800 


1,600 


3280 


19 


13,500 


6.700 


9,640 


27 


95,600 


8.800 


83;80O 


20 


5.700 


2,400 


3.730 


28 


85,000 


7,700 


28,200 


21. 


2,400 


1,780 


1,980 


29 


7,700 


8,700 


6,890 


22 


1,700 


1,480 


1,590 


30 


3,700 


1,800 


3,650 


23 


1,480 


1,200 


1,350 


31 


1,800 


1,170 


1,430 



Total runs,!! for period{5S^*^iiJi^-^ 

M008A OAVTOH OBXBX HEAR BOITBALL, GAL. 

LocAiTON.— Near the nortliweflt comer of sec. 1, T. 11 S. , R. 3 W., at Moose dam, half a 
ndle below mouth of South Fork, and 4} miles southeast of Bonsall, San Diego 
Ckmnty. 

Drainaqe area.~31 square miles (measured on topographic map by John F. Covert). 

Elbvatton.— About 400 feet above sea level. 

Maximum discharob in January, 1916.— Jcdm F. Covert, chief engineer Sweet- 
water Water Co., estimated the discharge over the dam to be 8,346 second-feet. 
The mftTimntn stage 100 feet upstream from the dam, determined December 15, 
1916, from flood marks was 9.1 feet above crest of dam. The concrete dam is 81 feet 
long on top and thie width of the canyon at a point 9.1 feet above the crest is 105 
feet. 
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flAMTA AHA BIVBB BAOV. 



Of the ihiee principal streams that traverse the valley of soutfa- 
em California — Santa Ana, San Gktbriel, and Los Angeles rivers — ^the 
Santa Ana is the largest. Its drainage basin, lying south of the San 
Bernardino Mountains and the Sierra Madre and taking waters from 
their southern slopes, is the most easterly and comprises by far the 
laigest area, including the northern part of Orange County, the north- 
western part of .Riverside County, and the southwestern part of San 
Bernardino County. Of the total drainage area, covering between 
1,800 and 1,900 square miles, about two-thirds is in the valley, but 
only a few hundred square miles yields much run-off. 

The Santa Ana rises in the heart of the San Bernardino Mountains, 
about 30 miles east of Highland, and flows westward for about 25 
miles to the mouth of its upper canyon; thence south westward 
across San Bernardino Valley, through the lower canyon in the Santa 
Ana Mountains, and across the coastal plain to the Pacific Ocean at 
Newport Beach. Although the course of the stream measures about 
100 miles, there is continuous surface flow from mountain to sea only 
during winter floods. 

Many small streams from the southern slope of the San Bernardino 
Mountains and a few from the Sierra Madre west of the Cajon Pass 
flow toward the Santa Ana, but some of these discharge water to the 
main stream only in the flood seasons, the ordinary flow either being 
diverted or sinking into the sand and gravel of San Bernardino 
Valley. The principal tributaries are Bear, Alder, Mill, Lytle, and 
Chino creeks. 

Altitudes in the Santa Ana draiuage area range from a few feet 
above sea level on the coastal plain to 2,000 or 3,000 feet on the 
Saota Ana Mountains, 500 to 1,200 feet in the San Bernardino basin, 
and 2,000 to 11,000 feet on the southern slope of the San Bernardino 
Moimtains. The more elevated regions are rough and rugged, and 
the mountain sides are incised by many canyons which are the result 
of active stream erosion. The rocks are granitic. The mesa and 
valley lands at the base of the mountams are composed of granitic 
gravel and sand of great depth. The higher mountain slopes sup- 
port considerable timber; most of the lower slopes are covered with 
brush and grass. 

The mean annual precipitation varies ccmsiderably in different 
parte of the Santa Ana basin. On the coastal plain west of the Santa 
Ana Range it averages 10 inches or more; eastward, in the San Ber- 
nardino Valley, it amounts to from 10 to 16 inches. On the moun- 
tain slopes it ranges from 20 inches at the base to 40 inches or more 
n^ar the crest» and in Bear Valley north of the highest peaks, such 
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as San Bernardino and San Oorgonio, it may be even 50 inches. 
Considerable snow falls in the region of these high peaks in winter 
and remains well into the summer, especially on the northern slopes, 
from which the headwaters of the Santa Ana come. 

SAVTA AHA BIVX& HEAR M BVTOVX, CAL. 

Location.— In the SW. i sec. 4, T. 1 S., B. 2 W., just above mouth of canyoiiy one- 
fourth mile above Pacific Light & Power Corporation's plant, one-half mile above 
mouth of Deep Greek, and 3) miles northeast of Mentone, San Bernardino Ck)unty. 

Dbainagb area.— 189 square miles (measured on topograpliic maps). 

Elevatton.— -About 1,900 feet above sea level. 

Rbcobds AVAUABLB.-^uly 1, 1896, to January, 1916. 

Gaob. — ^Vertical staff fastened to rock ledge on left bank one-fourth mile above poiwer 
house; read daily. Destroyed by high water during ni^t of January 17-18; no 
record obtained during rest of month. 

DisoHAROB MEASUREMENTS. — Car and cable at Warm Springs Canyon destroyed by 
flood. On account of the damage to the highways and bridges it was impossible 
to reach this station for several days after the flood had passed. 

Channel and control.-— Composed of gravel and boulders; very rough; shifts dur- 
ing high water. 

Extremes of discharge. — 1896-1915: Crest gage height January 1, 1910, not known, 
as gage was destroyed (mean discharge for day estimated as 8,500 second-feet); 
minimum stage, 2.3 feet during parts of every month from October, 1913, to 
January, 1915 (discharge, 0.6 second-foot). 

Mazdiuh discharob in January, 1916.-^As the gage was destroyed during the 
night of January 17-18, there is no record of stage for the month after 8 a. m. 
January 17. Slope cross section measured at the gaging station March 8, 1916 
(PI. XVI, -4). The cross section was measured just below temporary highway 
bridge, 357 feet below gage. The channel, which is composed of large and small 
boulders, sand, and gravel, is dean and very rough. The slope of the water 
efurface at maximum stage was determined for a distance of 1,620 feet, where the 
channel was generally straight. The maximum discharge has been computed as 
follows: Width, 510 feet; wet perimeter, 526 feet; area, 2,290 square feet; 
hydraulic radius, 4.4; slope of water surface (flood stage), 0.024 (for 1,620 feet). 
If the value of n in Kutter*s formula is assumed as 0.05, the dischaige is 29,100 
second-feet, or 154 second-feet per square mile of drainage area. 

For purpose of comparison it is interesting to note that the intake of the Ment<Mie 
power plant, operator's house, and other structures removed by this flood had been 
in place since the plant was constructed in 1902. Also that a laige niunber of 
trees, 2 feet in diameter, Were brought down by the high water. During the 
flood the river at the mouth of the canyon, would swing from one side of the can- 
yon to the other and back again, within an hour, the action being due to jama 
formed by great numbers of large boulders moving downstream. 

Diversions.— The intake of the Pacific Light & Power Corporation's canal is at 
Southern Califomia Edison Co. plant No. 2, 2^ miles above the gage. The intake 
of this canal Was washed out at 8.40 a. m. January 17, 1916. No Water was 
diverted through it during the rest of the month. 

Regulation.— Water is stored on Bear Creek at Bear Valley reservoir. 

SAVTA AVA SZVB& AT SAV BXEHABDXVO, CAL. 

Location. — ^At Salt Lake Street Bridge (E Street), San Bernardino, San Bernardino 

County. 
Maximum discharge in January, 1916.— Mr. H. B. Andrews, mverside Water Co., 

who measured cross section and slope, from high-water marks which he observed 
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.1. GAGING STATION ON SANTA ANA RIVER NEAR MENTONE, AFTER FLOOD OF JANUARY. 1916. 



B. VIEW ACROSS CHANNEL OF SAN GABRIEL RIVER AT MOUTH OF CANYON, NEAR AZUSA, 
AFTER FLOOD OF JANUARY. 1916. 
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A. VIEW UPSTREAM ON SAN JACINTO RIVER NEAR ELSINORE. AFTER FLOOD OF JANUARY, 1916. 



B. VIEW EASTWARD ALONG NORTH SHORE OF ELSINORE LAKE, MARCH 10. 1916. 
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during the 8tom of January 17, has estimaled the diachaige as follows: Area, 
2,020 square feet; wet perimeter, 251 feet; slope, 0.006; discharge, 40,000 second- 
feet. The high-water marks on January 27 were practically the same as for Jan- 
uary 17. 

llie following discharge measurements at Salt Lake Street Bridge, furnished 
by Kiverside Water Go. , include San Timoteo Creek and Bedlands Wash, but do 
not fibow diversions by Gage canal at Sterling Street. 

DMuoTQe meaturemenii of 8ania Ana River at San Bernardino^ CaZ., during January, 

1916, 

[Had« by H. B. Andrews.] 



Date. 


Dl»- 
obarge. 


Time of 


Date. 


Dift. 
charge. 


Tlmaof 
measoremoit. 


Jan. 6. 


'"■fir 
i,ioe 


3.60 p.m. 
4.15 p.m. 


Jan.23... 


3.725 


2.15 p. DL 

12.35p. m. 


20 


28 







LYTLS O&ZBK AT BAV BXBVASDZVO, OAL. 

The foUowmg table was compiled from a blue-print hydrograph 
furnished by J. A, Sourwine, county engineer. This hydrograph was 
determined from measurements of East and West channels of Lytle 
Creek. The West channel was measured at the new Fourth Street 
Bridge until it went out at 8.05 a. m. January 18. Later measure- 
ments were made at the Atchison, Topeka & Santa Fe Railway 
bridge, at North Colton. The East channel was measured at the 
old Fourth Street Bridge until about 9 a. m. January 18, and later 
at Mount Vernon Avenue Bridge. The discharge record given in 
the table was taken from the hydrograph at points where there was 
a change in curvature* A planimeter was used to determine mean 
daily discharge. 



DiM^arge, in ucond-feel, 


of T/gtle Ortek at San Bernardino, 


Cal., for January, 1916, 




Time. 


Db- 
charge. 


Mean daily discharge. 


Date. 


East 
channel. 


West 
channel. 


TotaL 


Jan. 16 


10.00 p. m 


Dry 








17 


3.00 aTm 


650 
6,200 
13,400 
6,200 
8,500 
2,650 
8,000 
16,000 
8,000 
2,800 
550 
360 


920 


4,320 


5,240 




7.30 a. m 




10.00 a. m 










12.45p.m 








8^p. m 




■• 




llXOp.m. 


1 




Jan. 18 


£.00 a. m 


! 


6,640 




0.40a.m. 


1. 




1.00 p. m 








4.30p.m 








Jan. 10 


10.00a. m 










5UM)p.m 
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SAX JAcorro bxvsr vsar umm jAonrao, qau 

Location.— In Bee. 20, T. 5 6., B. 2 £., at Oak Cliff, 1 mile above mouth of North 
Fork of San Jacinto Kiver and 10 miles southeast of San Jacinto, Biverside County. 

Drainaob aaba. — 108 square miles (measured on topographic map). 

ELBYATioN.^-About 2,200 feet above sea level. 

Maximum dischabob in Janitabt, 1916.— Mr. W. S. Post, consulting eng^ieer, 
measured cross section and slope at this point and estimated the crest dischaige 
as follows: Area, 2,058 square feet; wet perimeter, 882 feet; hydraulic radius, 
5.2; slope, 0.029; discharge, 80,000 second-feet or 278 seoond-feet per square 
of drainage area. 

BAV JAonrro bxvsr vxab slsxvoxb. oal. 

Location.— Near center of sec. 9, T. 6 8., B. 4 W., at A. T. A S. F. By. bridge at 
Elsinore Junction, about 1} miles above jimction mih. Elsinore Lake Gow-water 
stage), and 1} miles southeast of Elsinore, Biverside County. 

Drainaob abba.— 718 square miles (measured on topographic maps). 

Elbvahon .—About 1,250 feet above sea level. 

Bbcobds availablb.— nJanuary 1 to 31, 1916. 

Gagb.— V^tical staff fastened to trestle bent of railway bridge near left bank; read 
daily. 

DiflOHABGB MBA8UBBMBNT8. — ^Mado from nolway bridge or by wading. 

Channbl and coNTBOL.— Composed of gravel and small boulders; fairly permanent. 

MAxmuM DiscHABGB IN Januabt, 1916. — Measurements of cross section and slope 
were made March 9 in the canyon about three-fourths mile above gaging statian 
at railway bridge. The channel at this point is composed of sand and gravel 
with a few small boulders and is straight. Along the banks of the low-water 
channel there are small bushes and a few trees. There is but one channel at 
all stages and the high-water banks are clean (PI. XVII, A). The slope of the 
water surface at maximum stage was determined for a distance of 1,150 feet. The 
crest discharge has been computed as follows: Width, 290 feet; wet perimeter, 296 
feet; area, 1,730 square feet; hydraulic radius, 5.9; slope of water surface (flood 
stage), 0.0033. If the value of n in Kutter*s formula is assumed as 0.035, the 
discharge is 14,000 second-feet, or 195 second-feet per square mile of drainage 
area (drainage area at this point, 717 square miles measured on topographic maps). 
This discharge occurred January 28 at 11 a. m., gage height 19.0 feet. 

AocuRACT.t-^jage height record affected by backwater from Elsinore Lake beginning 
January 30. Bating curve defined by two medium-stage measurements and. 
maximum of flood discharge computed from cross-section and slope. Gage read 
once a day to hundredths feet. Besults hit. 

Daily dUtharge, in second-feel, of San Jacinto River near Elmnore, Cal.yfor January, 1916, 



Date. 


Dto. 
charge. 


Date. 


DI9. 
ofaarge. 


Date. 


Dto- 
charge. 


Date. 


Dis- 
charge. 


Jan-l 

2 

3 

4 

6 

6 

7 

8. 


2 


Jan. 9 

10 

11 

12 

13 

14 

15 

16 


2 
2 


Jan. 17 

18 

». 

20. 

21 

22 

28 

24 


730 

830 

1,750 

6800 

1 750 

1,010 

680 

680 


Jan. 25 

26 

27 

S:;::::: 

80 

81 


730 
580 
1,010 
14,000 
6800 
1750 
i;360 



Total nm-off for month 



/acre-feet '•1** 

\depth in inches on drainage area 2.00 



Digitized by 



Google 



FLOOD BUN-OFF. 71 

Discharge fMtmgrementB of San JaehUo Rher near EUinore, Cal., during January^ 1916. 

(lbKlebyF.aBlMrt.[ 



Date. 


iMl^t. 


Db- . 
charge. 


taL.2S 


Feet. 
10.40 
10.33 


^-^ 


as 


061 







HXBTOBY OF SLSIVOUB Z.ASS.I 

Api>aiently the earliest specific reference to the amount of water in 
Ebinoie Lake is contained in the notes of a traveler throng southern 
California about 1810, who mentions ''Laguna Grande/' the original 
Mexican name for the lake, as being little more than a swamp about a 
mile long. For the period between that time and 1862 data as to its 
rise and fall are not available, but in 1862 it was very high and prob- 
ably overflowed. During the succeeding dry period, especially dur- 
ing the years 1866 and 1867, when practically no rain fell on the drain- 
age area tributary to the lake, it receded very rapidly but was full 
again in 1872 and overflowed down its outlet through Temescal 
Canyon. After this it again evaporated to a level probably as low 
as it has ever been since, but the great rains of the winter of 1883-84 
filled it to overflowing in three weeks. 

Americans had settled around it by this time and their de8<^ption9 
of conditions say that large willow trees surrounding the low-water 
shore line were of such size that they must have been thirty or more 
years old. The rainfall in the next ten years was excessive, and the 
lake stayed high and overflowed naturally during three or four years 
of the decade. It was purchased by the Temescal Water Co* for the 
inigation of lands at Corona, Cal., and its outlet channel was deep^ 
ened, permitting gravity flow to Corona for a year or more after the 
lake level had sunk below the elevation of its outlet. As the surface 
still receded a pumping plant was installed and the ^ater was raised a 
maximum of about 10 feet and then flowed down the natural channel 
of Temescal Canyon. Pumping was continued a couple of seasons, 
but the concentration of salts in the lake, due to the evaporation and 
low rainfall, soon made the water unfit for irrigation. 

After 1893 the water level sank almost continuously for nearly ten 
years, with, of course, a slight rise every winter. The heavier precip- 
itation, beginning in 1903, gradually filled the lake to about half the 
depth between its minimum level since 1883 and its high level or 
overflow point. The flood of January, 1916, rapidly raised the level, 
to overflowing, although the run-off from its drainage area into the 
lake appears to have been considerably less than that of the wet 
years of 1883-84 and 1888-89. (See PI. XVII, S,) 

iPtqNmdbjFlraiiciiB.SclMiu^yaaBlstantiiiqwotor izrlgatioii. United States Indian Offloa,Los 
.CaL 
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The fact that large trees were growing 20 feet or more below the 
high-water level when the lake filled in 1883-84 indicates that the 
high water of the sixties and seventies must have been of very short 
duration. The stumps of the trees were still visible in 1888 and 1889 
many himdred feet from shore, but by the time the lake receded in the 
middle nineties these had disappeaied. 

XL8XV0XB LASS AT XL8XV0XB, OAL. 

Locahon. — In La Laguna grant at outlet of lake at Elsinore, Rivenide County. 

Gaok.— Vertical staff installed December 1, 1916; datum 1,237.20 feet above sea level. 
The water suiface rose above this gage and a new staff was installed January 25, 
1916; datum 1,237.53 feet. This gage was flooded and the observer installed a 
temporary staff on January 30, 1916, at approximately the same datum, but 
before it could be referred to previous datiun it also was flooded. 



Daily elevation J in feet above eea levels of EUinore Lake at Elsinore, Col., for , 

1916. 


Tcmuaryj 


Date. 


Etova- 

tiOD. 


Date. 


Eleva- 
ttoo. 


Date. 


Eleva- 
tion. 


Date. 


Eleva. 
tion. 


Jin. 1 

5v 

s'.'.V.'.'.'. 


1,945.4 
1,245.3 
1,345.8 
1,345.3 
1,345.3 
1,345.3 
1,345.3 
1,345.8 


9 

10 

11 

12 

18 

14 

15 

16 


1,915.4 
1,346.4 
1,245.4 
1,245.4 
1,345.4 
1,245.4 
1,245.4 
1,245.4 


17 

18 

19 

20 

21 

22 

33 


1,246.7 
1,247.2 
1248.7 
1,250.2 
1,251.3 
1,252.2 
1,268.7 


24 

25 

26 

27 

38 

29 

30....:.. 


1,253.9 
1,253.2 
1,254.0 
1.254.5 
1,265.5 
1.267.5 
1,258.5 



BOirrK WOMK 07 BAV JAOIBTO KIVSB AT BZMBT BX8SBVOIB, ITSAB BAV JAOIHTO, 

OAL. 

Looahon. — ^The dam is in sec. 7, T. 6 S., R. 3 £., below Hemet Valley, about 6 miles 
above mouth of South Fork of San Jacinto River, and 17 miles southeast of San 
Jacinto, Riverside County. 

Drainaob abea. — 65.8 square miles (at dam; measured on topographic map). 

Elevation. — About 4,360 feet above sea level. 

DttCHABOB.— The following table, computed by Mr. W. S. Post, consulting engineer, 
shows the run-off into Hemet reservoir. 



Qage height, infeet, and diaeharffe, in seeond-feet, of South Fork of San Jacinto River at 
Memet reservoir, near San Jacinto y Cal., for January, 1916. 


Dftteu 


TiSM. 


Tolr 

hS^t. 


Install- 
tangos 

diarge 

into 

reservoir. 


Mean 
daUy 

charge. 


Date. 


Time. 


Reser- 
voir 


Instan- 
taneous 

dis- 
charge 

reservoir. 


dally 
dhaige. 


JWL 14 
16 
16 
17 


8a. m. 

8 a.m. 

8a.m. 

2 p.m. 

6 p.m. 
12 p.m. 

8 a.m. 

8 p.m. 
12 p.m. 
12 p.m. 

8 a.m. 

8a.m. 


116.66 
116.88 
117.17 
119.17 
124.5 
125.83 
124.5 
123.67 
a 128.5 
al22.67 
122.5 
122.5 


22 

39 

137 

2,810 

3200 

1440 

822 

930 

748 

88 

100 

146 


54 

42 
164 

1,450 


22 
23 
24 
26 
26 
27 

28 
29 

30 
31 


8 a.m. 
8 a.m. 
8a.m. 
8 a.m. 
8 a.m. 
8 a.m. 
4 p.m. 
8 a.m. 
8a.m. 
8 a.m. 
8 a.m. 


122.5 
122.5 
122.5 
122.67 
122.67 
al22.67 
12&0 
125.0 
123.92 
123.83 
122L92 


146 
146 
162 
228 
212 
1,710 
9560 

>.S8 


146 
146 
176 
190 
212 






5,070 


18 


754 




2,880 

1390 

'980 

349 






19 
20 
21 


412 
120 
146 



o Interpdated. 
Total niiHrfl for P«tod{5^«^-riijji- .j^^Jii^— .•^^.-;^;;;;:^^ "i'SJ 

NoTi.~Tat>le sammarises the detafled ocmpatatioos, based on notes ftimlshed by the water company 
and covering stage of reservoir, spillway discharge, gate leakage, and other oonditians. 
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8AK OABKZBL KIVBB BASDf . 
OXBXKAL FBATVXBS. 

San Gabriel Biver b one of the three large streams traversing the 
valley of southern California. Its drainage basin lies wholly in Los 
Angeles County west of the Santa Ana basin and east of the Los 
Angeles basin and stretches from the crest of the Sierra Madre to the 
Padificy a distance of about 50 miles. Its total drainage area is 
approximately 700 square miles, about one-third of which consists of 
mountain slopes, which contribute practically all of the run-off except 
in heavy storms. The remaining two-thirds is embraced in the 
San Gabriel Valley at the base of the mountains and in the coastal 
plain southeast of the city of Los Angeles. 

The mountainous part of the basin is somewhat rectangular. 
Its length east and west is about 25 miles, and its width about 10 
miles. It lies on the southern slope of the Sierra Madre opposite 
the basins of Big and Little Bock creeks at the north and on the 
southern slope of the San Gabriel Bange, through which the river 
breaks near Azusa and enters the San Gabriel Valley. 

The main stream is formed by the junction of two principal forks, 
one from the north and east and the other from the west. Each of 
the branches receives many tributaries from the crests of the siu*- 
rounding ranges. The headwaters come from the western slope of 
San Antonio Peak (Old Baldy), altitude 10,080 feet, and from the 
southern slope of other high peaks at the north, such as North Baldy 
and Islip mountains. The west fork drains the northern slope of 
Mount Wilson, the eastern and northern slopes of San Gabriel Peak, 
and a portion of the southern slopes of the main range to the north. 
It joins the main stream about 8 miles above the mouth of the can- 
yon. The general course of the stream is southwestward. After 
leaving the motrntains it traverses San Gabriel Valley in a wide wash 
of sand, gravel, and boulders, then breaks through the range of foot- 
hills separating San Gabriel Valley from the coastal plain at a point 
called The Narrows, about 5 miles northwest of Whittier, and enters 
the coastal plain, across which it flows to its mouth in Alamitos Bay, 
a few miles east of Long Beach. The total length of the stream is 
about 66 or 70 miles. 

The principal tributaries of San Gabriel Biver are Fish Fork and 
Cattle Creek from the east, and Iron and West forks from the west. 

Altitudes in San Gabriel basin range from 20 to 200 feet on the 
Coastal Plain from 200 to 900 feet in San Gabriel Valley, and from 
1,000 to 10,000 feet in the mountains. The range of foothills near 
Whittier has an altitude of about 1,260 feet. The topography is 
rough and rugged in the mountains, especially in the upper part, 
where deep and narrow canyons exist. The geologic formation is 
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gramticy with a light soil covering. The San Gabriel Valley is more or 
less rolling and is composed of granitic wash from the mountains. 

The basin is rather poorly forested, having a sparse timber growth 
on the higher slopes and brush with some scattered timber on the 
middle and lower elevations. 

The mean annual precipitation in this basin ranges from 15 to 20 
inches in the valley area, and from 20 to 40 inches in the mountains. 
It occurs almost entirely as rain except on the higher peaks, where 
snow f alb during the winter. On the northern slopes snow remains 
for several weeks. 

BAV OMMmXML MZ7WM, VSA& ABTmA. OAL. 

LocA'noN.— In the NW. i sec. 23, T. 1 N., B. 10 W., near road croasing at mouth of 
canyon, about half a mile above the Pacific Light Jb Power Oorpovation's power 
house and 2 miles north of Azusa, Los Angeles County. 

Drainagb abba.— 222 square miles. 

Elbvahon.— About 750 feet above sea level. 

Bbcords avaHjABLe. — 1894 to January 31, 1916. 

Gagb.— Staff were fastened to rock point on left bank about 200 feet above ford, read 
daily; oftener during floods. Gage used January 2 to 8 and 12 to 16, 1916, b on 
left bank about 600 feet below ford at an indepmdent datum. 

DnoBABGB MBA0UBBMBNTS.— Made from cable 1,000 feet above ford or by wading 
near gage. The float measurements on January 17 and 18, 1916, were made just 
below gage. The cross-section for these measurements, secured March 8, 1916, 
was taken 145 feet below regular gage (PI. XVI, B, p. 68). 

Channbl and contbol.— Composed ci gravel and boulders; shifts during high water. 

EZTBBMBB OF DI8CHAKGB.— 1894-1915: Maximum stage recoided, 11.7 feet Feb- 
ruary 20, 1914 (discharge, 18,100 second-feet); minimum stage, dry for several 
months during each year. 

Maximum dischabob in Januabt, 1916.— The crest of the flood occurred at 7 a. m., 
January 18; gage height, 12.0 feet (dischaige, 40,000 second-feet). 

DiVBBSioNS.— The poww canal of the Pacific Light Jb Power Corporation heads 
about 5 miles above the station. No water in this canal from afternoon of Jan- 
uary 17 to the morning of January 19, as the intake was closed by drift. 

Bboulation . — None. 

Aocubacy. — ^Besults considered good for January, 1916. Bating curves for extreme 
high water are defined by the float measurements made January 17 and 18. A 
coefficient ol 0.80 was used to reduce float velocities to mean velocities. There 
was doubtless a fill in the channel after the crest of the flood on January 18 and hence 
the areas tot the float measurements are probably low. 

Dikharge meamrements of San Gabriel River near Anua, Cai,,for January, 1916. 

[Made by F. C. Bb«rt.] 



Date. 


beSht. 


Dl»- 
oliarKe. 


Date. 


heS^Tt. 


Db- 
dkarge. 


Date. 


helSt. 


Db- 


Jan. 8 


al.82 
•1.92 
•2.03 
al.88 


39 
107 
78 


Jfln. 1^. . . . 


•2.06 
10.80 
11.50 
7.38 


»18,400 

l»32,400 

4800 


Jan. 19 


FMk 
7.10 
0.62 
6.34 
5.80 


*5rfe 


4 


i?::.:.::;:: 


20 


2380 

1,570 

848 


12 


18 


21 


n 


10 


24 











« Qafle below ford read. 



h Float measurements. 
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Combined daUy dutkatg€, in teoond-feet, of San Oabrid River and Pacific Li^ ic Power 
Corporatum's canal near Azvm, Cal.yfor January ^ 1916. 


Date. 


Dis- 
cbttge. 


Date. 


Dis- 
charge. 


Date. 


Dis- 
cliarse. 


Date. 


Dis- 
cbarge. 


Jaii.1 

2 

3 

4 

6 

e.; 

7 

8 


68 
23 
150 
117 
170 
142 
117 
102 




10 

11 

12 

13 

14 

15 

16 


480 
820 
480 
100 
150 
135 
215 
170 


Jan. 17 

18 

10 

20 

21 

22 

23 

24 


17400 
22,300 
3,060 
2,450 
1.650 
1,410 
1,250 
028 


Jan. 25 

26 

27 

28 

20 

30. 

31 


840 
700 
7,040 
4,200 
2,240 
2,080 
1,790 



Nont.— Water began flowing in river at gaging station on Jan. 2; discharge Jan. 17 and 18 computed 
from aeTeiBl gagis readings. 

LOB ANGBUBB KIVBB BABOf. 

OZHBBAX. FXATITBXS. 

Los Angeles River is formed by Tujunga^ Pacoima, and other small 
Greeks whose sources lie in the Sierra Madre northeast of the city of 
Lfos Angeles. These streams leaye the mountains at a point about 25 
miles above the city and enter the comparatVely flat country of the . 
San Fernando VaQey, where, except at times of excessive flood, the 
waters disappear in the sand and gravel washes. At the lower end 
of this valley is a secondary range of hills, extending from east to 
west, and bed rock obstruction forces the waters to the suif ace to 
form what is known as Los Angeles River. Below this point the 
river flows through the flat country of the Los Angeles Valley and 
enters the Pacific near the town of Long Beach. At the city of Los 
Angeles it is joined by Arroyo Seco. This stream issues from the 
mountains on the west side of Pasadena Mesa, and passes through an 
opening in a granite spur known as Devils Gate. Between the point 
where it leaves the moimtain and Devils Gate lies a broad river bot- 
tom, 2 miles long, composed of coarse material, into which the water 
sinks rapidly. In passing over this material the vcdume of flood 
water is diminished. 

LOS AVaSISS BIVXR AT LOS AVaELSS, OAL.^ 

Los Angeles River was measured at the bridge near the old pigeon 
farm above junction with Arroyo Seco. The discharge at 11 a. m. 
January 19, 1916, was 1,308 second-feet. The maximum height of 
the flood dimng the storm was ascertained from an eye witness and 
from marks on the bank, as 4 feet higher than the stage of the river 
at the time the measurement was made. A velocity of 11.0 feet 
per second was used for computing the probable maximum discharge. 
The estimated maximxmi flow for the stream at this point was 7,268 
second-feet. 

i Lippinoott, J. B., memorandam conoerning the floods of Jan. 17 and 18, 1010. 
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The following is a summary of measm-ements made January 18, 
1916, for the flood flow between Dominguez Jimction and Cerritos, 
of the water entering the Los Angeles and Long Beach harbors:^ 

Seoond-feet. 

Main Gerritos bridge 22, 873 

Cota bridge (first opening to the west) 1, 816 

At pole No. 1006 (second opening) 676 

Bridge No. 1463 1, 067 

Bridge No. 1450 978 

Bridge No. 1433 3, 240 

Bridge No. 1418 233 

Oompton Creek 240 

t — — — ^— 

Total 31,113 

PracticaQy half the flow was going to the east into the Long 
Beach Harbor and, as near as could be determined from the obser- 
vations, half to the west into Wilmington Harbor. It is considered 
that the 1916 flood at this point was as great in volume as in 1914 
and that it lasted longer. 

ARROYO SECO HEAR PASADSITA, OAL. 

Location.— Near south line of sec. 30, T. 2 N., R. 12 W. (unsurveyed), just below 

trail crossing at forest ranger's station in Angeles National Forest, about 3 miles 

above Devils Gate, 1} miles above mouth of Millard Canyon, and 5} miles north- 

east of Pasadena, Los Angeles County. . 
Dbadiagb abba.— 16.4 square miles (measured on topographic maps). 
Elxvation.— About 1,450 feet above sea level. 
Recobds available. — ^December 1, 1910, to January, 1916. 

Gaob. — Staff listened to an alder on right bank 300 feet southeast of ranger's station. 
Dischabgb mbasubehents. — ^Made by wading below gage or from foot log. 
Channel and contbol.— Composed of solid roCk, gravel, and boulders; slightly 

shifting during high water. 
KxTBBMES OF DiscHABOE.— 1910-1915: Maximum stage recorded, 12.5 feet February 

20, 1914 (discharge, 5,630 second-feet); minimimi stage, below gage September 12 

to 23, 1913 (discharge estimate, 0.1 second-foot). 
Maximum dischabgb in Januabt, 1916.— Crest of flood occurred at 9.30 a. m. January 

17; gage height, 9.3 feet; discharge, 3,150 second-feet, or 192 second-feet per 

square mile. 
AccUBAGT. — Gage read only 5 dajrs in January. The high-water extension of the 

rating curve is based on measurement of slope and cross section of the channel. 

Curve well defined for medium and low stages. 

Diicharge measurements of Arroyo Seco near Pasadena^ CaL, dwring January , 1916, 

[Made by F. C. Ebert.] 



Date. 


he^t. 


charge. 


Jan. 13. . 




FeeL 
3.55 
4.18 


14 


22 


64 







> Lippinoott, J. B., memoranda oonoemlxig the floods of Jan. 17 and 18, 19ie. 
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Mean daily gage hdgU, in feet, anddMuarge, in seamd-feety of Arroyo Seco near Pemadena, 

CaL, for January, 1916. 



Date. 


b^. 


Dls- 
chaisB. 


Date. 


hS^t 


Dto. 
oiiarge. 


Jan. 17 


7.66 
4.14 
4.M 


• 1,990 
58 
42 


Jan, 24... 
25... 




4.1 
4.18 


66 


22 




23 









a MaTrimotn dlacbarge Jan., 1916, see station deMxiption. 
A&BOYO &SOO> AT LOS AHOSLBS, OAL. 

On January 19, 1916, the flood flow of the Arroyo Seco was meas- 
ured at Avenue 20 Bridge in Los Angeles. The* peak of the flood 
had passed. Soundings were made from the bridge at intervals of 
5 feet. The velocity was ascertained by means of floats and foimd 
to be 6.0 feet per second. The discharge at 9.30 a. m. Jajiuary 19, 
1916, was 737 second-feet. From the statement of an eye witness 
and from water marks on the banks it was found that at the crest 
of the flood on the preceding days the water had been 4 feet higher 
than at the time of measurement. Accordingly, a section was com- 
puted for this higher level. The velocity at the higher stage was 
estimated to be 11.0 feet per second, which gives a maximum dis- 
chaige for the storm at this point of 6,215 second-feet. 

SAin!A CLABA KIVEB BASIN. 
OEHSRAL FXATVRBS. 

Santa Clara River has its source in Soledad Canyon in the north- 
central part of Los Angeles County. Its general course is westward, 
and it enters the Pacific Ocean about 3 nules southeast of Ventura. 
The principal tributaries are Castac, Pirn, Sespe, and Santa Paula 
creeks, which enter from the north. During the low-water period 
the channels of these streams are usually dry at their jtmction with 
the main stream. For the lower 40 miles of its course the channel 
of Santa Clara River is broad and sandy. During the rainy season 
it is subject to very sudden and severe floods while for the remainder 
of the year the channel is practically dry. 

SBSPB OBBXK VSA& SE8PB, CAL.' 

Location.— At Bradfields Gamp, in Santa Barbara National Forest, three-fourths of 
a mile below mouth of West Fork of Sespe Creek, 4) miles above intake of Fill- 
more canal, and about 6} miles northwest of Sespe, Ventura County 

Drainage area. — ^216 square miles (measured by Ralph Bennett, consulting 
engineer). 

Elsvahon. — ^About 1,350 feet above sea level. 

Gage. — F&inted on large boulder and on rock cliff on left bank. 

Discharge measurements. — Made from cable 250 feet above gage or by wading. 

1 Lipplnoott, J. B., memoraBda oonoeniiiig the floods of Jan. 17 and 18| 1916. 



Digitized by 



Google 



78 



SOUTHEBN OAUFORNIA FLOODS OF JANUABT, 1010^ 



Gkannbl and oontbol.-— Giavel and large bonlden; fairly peimiuieiit. 

Maximum disohabgb in Januabt, 1916. — ^The mairinnim stage reported was 18.7 feet 

(dlecliaige 18,600 aecond-feet) on January 17 (tune not given). 
AoousACT. — ^Reeulte considered good. Discharge measurements made after January 

17 show that the high water caused a small amount of scour in the channel. Rating 

curves well defined. 
CooPBBATiON.— The gage-height record and discharge measurements were furnished 

by Sespe Light Jb Power Co. 

DiKharge measurements of Sespe Creek near Sespe^ Cal., for January, 1916, 
[Made by O. H. Kfllgora.] 



Date. 


heiS^t. 


c£rge. 


Date. 


helS^t. 


Dia- 
Gliaisa. 


Date. 


^u 


Dla- 
Charge. 


Itn. 2 


Feet. 
7.60 
ft. 70 
8.90 


292 
1,820 


jikfi. 17......... 


FeeL 
16.00 
18.70 
1ft. 90 


8ec.fU 
•10,JOO 
al7,400 
al8,7Q0 


Jan. 19 


Fed. 
9.20 
7.00 

12.90 


n^ 


8 


17 


21 


^«78 


4 


18 


27 


• 4,600 











• Float measuremeot; ooeflOdeiit of 0.86 used to FedooesartMe velocitleB to mean veloclttoe. 
Mean daily discharge, in seamdfeet, of Sespe Creek near Sespe, Col., for January, 1916, 



Dale. 


DU. 
ohaiSB. 


Date. 


Dis- 
Gharge. 


Date. 


Dis- 
charge. 


Date. 


Di8- 

chaige. 


Jan.1 


4ft 


Jan. 9 


860 


Jan. 17 


8,100 


Jan. 26....... 


360 


2. 


605 


10 


440 


18 


11,400 


26. 


845 


3, 


660 


11 


205 


19. 


2,3» 


27 


0,600 


4. 


900 


12. 


144 


20 


1,060 


28. 


1,360 


6. 


184 


13 


110 


21 


615 


29. 


900 


ft. 


144 


14 


480 


22. 


405 


30 


706 


7 


110 


15. 


238 


23 


390 


31 


505 


8 


106 


16 


253 


24 


375 







Total iuiM« for mcnth{S^^i„j,j^i^^^^^ 



81,200 
7.04 
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BIBIIOGRAPHT MD INDEX OF THE PUBUCAnONS 

OF THE UNITED STATES GEOLOGICAL SURVEY 

REUTING TO GROUND WATER. 



By OsoAB E. Meinzeb. 



INTRODUCTION. 
WaBK DONE BY rTHB UKXTEB STATES GEOLOOICAIi ST7BVEY. 

The work of the United States Geological Survey includes investi- 
gatioiis of the natural waters of the United States, both those which 
occur above and those which occur below the land surface. The 
waters below the surface are known as subsurface, subterranean, 
undergroimd, or ground waters. According to the present usage of 
the Geological Survey the waters that occur below the surface in 
zones of saturation are called ground waters, and it is to these 
waters that the present bibliography and index applies. 

In 1885 the Geological Survey published a paper by T. C. Cham- 
berlin entitled "The requisite and quaUfying conditions of artesian 
wells.'' But aside from this well-known paper it published prac- 
tically nothing on the subject of ground water in the first 10 years 
of its existence except "lists and analyses of mineral springs," by 
A. C. Peale; annual statistics on the production of mineral water, 
by A. C. Peale; and papers on the waters of Yellowstone National 
Park, by W. H. Weed and by F. A. Gooch and J. E. Whitfield. 

In 1888, by act of Congress, the Geological Survey undertook irri- 
gation investigations in the arid regions of the United States, which 
soon led to the problem of irrigation with artesian water. The 
Eleventh Annual Report, published in 1891, contains a section on 
artesian irrigation on the Great Plains and records of wells in 7 
western States. In the Thirteenth Annual Report, published in 
1893, there is ,a discussion by F. H. Newell on the occurrence and 
quantity .of groimd water in arid regions, with statistics on artesian 
wells and irrigation with well water in the United States. The need 
for more detailed information on the ground waters of the country 
became evident and resulted in a number of investigations. The 
first report dealing exclusively with eastern conditions was a paper 
by W JMcGee, entitled ''Potable waters of eastern United States," 
published in 1893. Systematic and extensive survey of the ground- 
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2 PUBLICATIONS RELATING TO GROUND WATER. 

water resources of the United States was begun in 1903, when the 
division of hydrology was organized, with N. H. Darton in charge 
of the work in the West and M.. L. Fuller in charge of the work in the 
East. Since that time the ground-water survey has been carried 
steadily forward, and the methods of investigation have gradually 
been refined and standardized. From 1908 to 1912 the division 
was in charge of W. C. Mendenhall, and since 1912 it has been in 
charge of O. E. Meinzer. 

Altogether a vast amoimt of accurate information of both scientific 
and economic value has been accumidated on the ground waters of 
the United States. A total of 609 papers have been published (in 
454 volumes) which contain information on the subject of groimd 
water, of which 307 papers (in 171 volumes) relate primarily to this 
subject. Many of these papers include detailed maps showing the 
groimd-water conditions in specific areas. In addition to the pub- 
lished reports there is a great quantity of data as yet impublished 
on file at the Geological Survey. 

Although the aggregate of the work done on the ground-water 
resources of the United States is great and includes some work in 
every State, yet the country is so large that extensive regions are 
still very inadequately covered, and the amount of work that remains 
to be done is indefinitely great. 

SCOPE OF THE BIBLIOOBAPHY AND INDEX. 

The present bibliography includes all publications prepared in 
whole or in part by the Geological Survey that treat any phase of the 
subject of groimd water or any subject directly applicable to groimd 
water, such as windmills, pumps, and other lifting devices, methods 
of water analysis, and methods of measuring the flow of water. It 
has a more limited scope than the bibliography by M. L. Fuller on 
ground-water papers published by the Geological Survey, 1879- 
1904 (Water-Supply Paper 120), in that it does not include papers 
that touch on the subject only incidentally. As in Fuller's bib- 
liography, there is a brief abstract of each paper that is listed with 
special reference to its content on groimd water. For papers dealing 
chiefly with other subjects page references are given to the parts 
relating to groimd water. 

The 454 volumes listed in this bibliography, comprise 207 water- 
supply papers, 22 annual reports, 4 monographs, 11 professional 
papers, 47 bulletins, 33 reports on mineral resources, 118 geologic 
folios, and 12 reports not published by the United States Geological 
Survey. Of the 171 volumes relating primarily to ground water 123 
are water-supply papers. 

The index includes only subjects relating to ground water. The 
areas covered by the reports are given under the individual States. 
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INTRODUCTION. 8 

For more definite information on reports covering specific localities 
the index map (PI. I, in pocket) should he consulted. The map 
does not, however, show all reports listed in the hibUography but 
only such as cover specific areas more or less thoroughly. Under 
the individual States in the index are given references to many 
reports which it was not practicable to show on the map. 

HOW TO OBTAIN THE PAPERS LISTED IN THE BIBIJOGBAPH7. 

The pubhcations of the United States Geological Survey listed in 
this bibliography, except the monographs and geologic fohos, can 
be obtained free as long as the Survey's stock lasts. An asterisk (*) 
indicates that this stock has been exhausted. Many of the pub- 
hcations so marked may, however, be purchased at the prices indi- 
cated from the Superintendent of Documents, Washington, D. C. 
If there is an asterisk and no price is given the pubhcation can no 
longer be obtained from the Government. 

Monographs can be purchased at the prices indicated from the 
Superintendent of Documents, Washington, D. C. 
" Geologic fohos can be purchased at the prices indicated, from the 
Director, United States Geological Survey, Washington, D. C, 
except those marked with an asterisk (*), whibh are out of stock 
. and can no longer be obtained from the Government. Those priced 
at 5 cents have been more or less damaged by smoke or water. 

The pubhcations of the Geological Survey can be consulted in most 
of the principal Ubraries of the country and also at the branch offices 
of the Geological Survey in a number of the larger cities. 

The cooperative reports hsted on pages 45-47 are not published by 
the United States Geological Survey and are not distributed by 
the Federal Government. 
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BIBLIOGRAPHY. 

An asterisk (*) indicates that the publication referred to is out of stock (see sec- 
tion headed "How to obtain the papers listed in the bibliography," p. 3). 

WATEB-STJPPLY PAPERS. 

*l. Pumping water for irrigation, by H. M. Wilson. 1896. 57 pp., 9 pis. 

Describes various pumps and curious and antiquated lifting devices used chiefly in India 
and Egypt; also engines, windmills, water wheels, and other devices for producing power for 
lifting water', also storage reservoirs for holding pimipcd water until needed for irrigation. 

*2. Irrigation near Phoenix, Ariz., by A. P. Davis. 1897. 98 pp., 31 pis. 15c. 

Describes chiefly irrigation with surface waters but also contains some well data and dis- 
cusses briefly the quantity of underflow (pp. 86-02). For more comprehensive reports on tlie 
region see Water-Supply Papers 136 and 375-B. 

*A. A reconnaissance in southeastern Washington, by I. G. Russell. 1897. 96 pp., 
7 pis. 15c. 

Describes the geography and geology, gives some well data, and discusses the artesian condi- 
tioDS and the irrigation prospects of an indefinite region in southeastern Washington. 

*5. Irrigation practice on the Great Plains, by E. B. Cowgill. 1897. 39 pp., 12 
pis. 

Contains directions for constructing reservoirs for pumped well water (pp. 14-19). 

*6. Underground waters of southwestern Kansas, by Erasmus Haworth. 1897. 
65 pp., 12 pis. 15c. 

Covers a rectangular area comprising all of Meade County, nearly all of Seward, fiaskell, and 
Oiay counties, and parts of Ford and Finney counties. Describes the physiography, geology, 
water supplies, and irrigation developments of the area. Discusses the waters of the Dakota 
aandstone and of the Tertiary formations. 

*7. Seepage water of northern Utah, by Samuel Fortier. 1897. 50 pp., 3 pis. 10c. 
Describes the water supplies of Cache Valley and the seepage waters in Ogden Valley. Dis- 
cusses the loss of ground water by evaporation, transpiration, and seepage. 

•8. Windmills for irrigation, by E. C. Murphy. 1897. 49 pp., 8 pis. 10c. 

Describes the apparatus and methods used in making tests of windmills during the summer 
of 1886 in the vicinity of Garden City, Kans. Gives the results of these tests and draws con- 



•9. Irrigation near Greeley, Colo., by David Boyd. 1897. 90 pp., 21 pis. 

Describes the water supplies, irrigation developments, and agricultural practice in the valley 
of Cache la Poudre River, a tributary of the South Platte. Discusses the legislative and 
Judicial control of the water supplies (including ground water), the source and disposal of 
ground water, the use of ground water, the effects of alkali waters on soil, pumping of ground 
water, and artesian wells. 

*10. Irrigation in Mesilla Valley, N. Mex., by F. C. Barker. 1898. 51 pp., 11 pis. 

10c. 

Describes primitive methods of irrigation and agriculture employed in the valley of the Rio 
Grande between Fort Seldon, N. Mex., and El Paso, Tex. Describes pumping for irri- 
gation with windmills and steam engines. 

*12. Underground waters of a portion of southeastern Nebraska, by N. H. Darton. 
1898. 56 pp., 21 pis. 

Covers an area that includes Lancaster, Seward, York, Fillmore, Hamilton-Clay, Hall, 
Adams, Bufllalo, Kearney, and Phelps counties and parts of Saline, Gosper, and Dawson coun- 
ties. Describes the physiography, geology, and ground waters of the area and discusses briefly 
the prospects for obtaining water from deep-seated formations. 
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♦13. Irrigation systems in Texas, by W. F. Hutson. 1898. 68 pp., 10 pis. 

I>e8cril)e8 and dtocosses irrigation works and projects in Texas, coasidering both sarfaoe and 
groond waters as sources of supply. Superseded by Water-Supply Pfiper 71. 

*14. New tests of certain pumps and 'water lifts used in irrigation, by O. P. Hood. 
1898. 91pp., 1 pi. 10c. 

Discusses the mechanics and efficiency of reciprocating and' of water lifts of various other 
types. 

♦17. Irrigation near Bakersfield, Cal., by C. E. Grunsky. 1898. 96 pp., 16 pis. 

Describes irrigation with surface water and contains also a statement on early pumping 
from wells for irrigation at Lindsay, San Joaquin Valley, Cal. (p. 94). 

♦18. Irrigation near Fresno, Cal., by C. E. Grunsky. 1898. 94 pp., 14 pis. 10c. 

Describes irrigation with sur&oe water and contains a brief discussion of the loss of w&ter 
ftom Kings River and Fresno Canal and its effect on the water table (pp. 71-79). 

♦20. Experiments with windmills, by T. O. Perry. 1899. 97 pp., 12 pis. 15c. 

Gives data and discusses results of numerous laboratory experiments with wind-driven 
wheels. Describes the apparatus and methods used. 

♦21. Wells of northern Indiana, by Frank Leverett. 1899. 82 pp., 2 pis. 

Gives well data by counties for the northern part of the State and contains two maps of Indi- 
ana and western Ohio, showing the character and depth of the glacial drift and its relation to 
water supplies. 

♦25. Water resources of the State of New York, Part II, by G. W. Rafter. 1899. 
pp. 105-200, 12 pis. 15c. 

Discusses chiefly water storage and power and canal projects but also contains data in 
regard to seepage from canals (pp. 159-100, 173-178) and quantities of water yielded by the sand 
deposits of Long Island (pp. 191-196). 

♦26. Wells of southern Indiana, by Frank Leverett. 1899. 64 pp. 5c. 
Gives well data by counties for the southern part of the State. 

27. (See p. 47.) ' 

28. (Seep. 47.) 

♦29. Wells and windmills in Nebraska, by E. H. Barbour. 1899. 85 pp., 27 pis. 
15c. 

Describes home-made windmills, various other water-lifting devices, salt-water wells, and 
blowing and freezing wells; gives weU data and promiscuous information in regard to ground 
water. 

♦30. Water resources of the Lower Peninsula of Michigan, by A. C. Lane. 1899. 
97 pp., 7 pis. 

Discusses the use of water and the effects of quality with respect to the various uses. De- 
scribes the geology and ground-water conditions in the area covered. 

♦31. Lower Michigan mineral waters, by A. C. Lane. 1899. 97 pp., 4 pis. 10c. 

Discusses the economic value of mineral waters and the interpretation and classification of 
water analyses; contains analyses of water from various geologic formations and generalisations 
in regard to them; also discusses sanitary conditions of drinking waters. 

♦34. Geology and water resources of a portion of southeastern South Dakota, by 
J. E. Todd. 1900. 34 pp., 10 pis. 10c. 

Covers a rectangular area that includes parts of Turner, Hutchinson, Bonhomme, Yankton, 
and Clay counties. Describes the geology and the surface and ground waters with special 
reference to the artesian water in the DsJcota sandstone. Contains a geologic map and maps 
showing depths to bod rock, depths to the water at the base of the tiU, and depths to the 
artesian water. This area is also covered by Geologic Folios 96 and 97. 

36. (See pp. 47-48.) 

37. (Seep. 48.) 
39. (See p. 48.) 
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*41. The windmill; its eflSciency and econoniic use, Part I, by E. C. Murphy. 1901. 
72 pp., 14 pis. 5c. 

See under Water-Supply Paper 42. 

*42. The windmill; its eflSciency and economic use, Part II, by E. C. Murphy. 
1901. pp. 77-147, 2 pis. 10c. 

Nos. 41 and 42 give a classification of windmills, describe early experiments with windmills 
and tests made by the writer, describe the apparatus and methods used in making these tests, 
and discuss the results of the tests. 

*45. Water stomge on Cache Creek, Cal., by A. E. Chandler. 1901. 48 pp., 10 pis. 
15c. ' 

Contains data in regard to wells and irrigation with ground water near Woodland, Sacn^ 
mento Valley, Cal. (pp. 23-26). 

50. Operations at river stations, 1900, Part IV. 1901. 96 pp. 

Includes a section on "Computations of seepage in Colorado," pp. 20&-306, in which are given 
data on seepage, chiefly seepage into rivers, and conclusions as to the relation of irrigation to 
seepage. 

52. Operations at river stations, 1900, Part VI. 1901. pp. 495-575. 

Contains a section entitled "Construction of wells in southern California" (pp. 497-496). 

*53. Geology and water resources of Nez Perce County, Idaho, Part I, by I. C. Rus- 
sell. 1901. 86 pp., 10 pis. 10c. 
See under Water-Supply Paper 54. 

♦54, Geol(^y and water resources of Nez Perce County, Idaho, Part II, by I. C. 
Russell. 1901. Pages 87-141. 

Nos. 53 and 54 relate to an indefinite area in western Idaho including a part of Nez Peroe 
County and to adjacent areas of Washington and Oregon. They describe briefly the physi- 
ography, geology, soils, water supplies, and mineral resources of the region. 

The information on ground water, all of which is given in Water-Supply Paper 54, includes 
meager data with recommendations In regard to springs, "horizontal wells" or infUtration 
tunnels, and artesian wells. No. 54 also contains a short bibliography of artesian waters. 

55. Greology and water resources of^a portion of Yakima County, Wash., by G. O. 
Smith. 1901. 68 pp., 7 pis. 10c. 

.Describes the geography, geology, and surface and ground waters of an area comprising 
about 50 square miles in the vicinity of Yakima. Discusses the artesian basins in detail 
and gives well data. The part of this area west of Yakima is also covered by Qeologic 
Folio 86, which contains a more detailed geologic map and also contains a discussion of the 
artesian and other ground- water conditions. 

*57. Preliminary list of deep borings in the United States, Part I (Alabama-Montana), 
by N. H. Darton. 1902. 60 pp. 5c. 
See under Water-Supply Papers 61 and 149. 

*58. Storage of water on Kings River, Cal., by J. B. Lippincott. 1902. 101 pp., 
32 pis. 15c. 

Contains discussions of ground water for irrigation and of alkali conditions and includes 
records of 854 wells (pp. 22-24, 63-88). Contains map (PI. V) showing locations of wells listed 
in the table. 

*59. Development and application of water near San Bernardino, Colton, and River- 
side, Cal., Part I, by J. B. Lippincott. 1902. 95 pp., 11 pis. 
See under Water-Supply Paper 60. 

*eO. Development and application of water near San Bernardino, Colton, and River- 
side, Cal., Part II, by J. B. Lippincott. 1902.' pp. 96-141. 15c. 

Nos. 69 and 60 give descriptions of pumping plants and of ground-water supplies. No. 60 
contains records of 412 wells in Redlands quadrangle and of 478 wells in San Bernardino quad- 
rangle. No. 60 includes a topographic map showing contours of water table, areas of artesian 
flow in 1897 and 1900, irrigated areas and locations of wells for which records are given. 
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*61. Preliminary list of deep borings in the United States, Part II (Nebraska-' 
Wyoming), by N. H. Darton. 1902. 67 pp. 5c. 

Nos. 57 and 61 oootain tabular data in regard to wells and other borings more than 400 feet 
deep. They give information as to the depths, diameters, and ^elds of the wells, the head, 
temperature, and quality of the water, and purposes for which the boring was done. The data 
are given by States, and the States are arranged alphabetically. The States from Alabama to 
Montana, inclusive, are covered by No. 57, and the States from Nebraska to Wyoming, inclu- 
sive, by No. 61. A revised edition for all States was published in 1905 as Water-Supply 
Paper 149. 

62. Hydrography of the southern Appalachian Mountain region, Part I, by H. A. 
Preesey. 1902. 95 pp., 25 pla. 

Cantalns a paragraph on large springs in the Watauga River basin (p. 82). / 

*66. Operations at river stations, 1901, Part II. 1902. 188 pp. 10c. 

Contains a brief description of the springs, flowing wells, and ground- water conditions in the 
vicinity of Carrlzo Springs, Tex. Includes an analysis of the Carrizo Springs mineral water 
(p. 63). 

*67. The motions of underground waters, by C. S. Slichter. 1902. 106 pp., 8 pis. 
15c. 

Discusses the origin, depth, and amount of ground waters, the porosity and permeability 
of rocks and soils; the causes, rates, and laws of the movements of ground water, the surfldal 
and deep zones of circulation, the recovery of water by wells, and the shape and position of the 
water table. Gives simple methods of measuring the 3rield of flowing wells. Describes artesian 
wells at Savannah, Oa. 

70. Geology and water resources of the Patrick and Goshen Hole quadrangles, in 

eastern Wyoming and western Nebraska, by G. I. Adams. 1902. 50 pp., 
11 pis. 15c. 

Describes the geology and contains some information on springs and wells in these quad- 
rangles. 

71. Irrigation systems of Texas, by T. U. Taylor. 1902. 137 pp., 9 pis." 10c. 

Discusses the principal irrigation systems, giving special attention to the irrigation of rioe. 
Contains data in regard to numerous springs and artesian and other wells. 

75. Report of progress of stream measurements for the calendar year 1901, by F. H. 
NeweU. 1903. 246 pp., 13 pis. 

Contains, on pages 204 and 205, records of discharge of 33 flowing wells in Moxie Valley, near 
Yakima, Wash. 

77. The water resources of Molokai, Hawaiian Islands, by Waldemar Lindgren. 
1903. 62 pp., 4 pis. 10c. 

Describes the geography, geology, and water resources of the Island of Molokai, including 
springs and wells. Describes the occurrence of water in lava and its quality as affected hy the 
sea. Contains a discussion and estimate of the quantity of ground water available for irrigation. 

*78. Preliminary report on artesian basins in southwestern Idaho and southeastern 
Oregon, by I. C. Russell. 1903. 53 pp., 2 pis. 5c. 

Describes briefly the geology of a part of the Snake River plains in Canyon and Owyhee 
counties, Idaho, and Malheur and Harney counties, Oreg. Discusses the conditions on which 
artesian flow depends and describes springs and wells in the Lewis, Otis, Harney, and White- 
horse artesian basics. Describes artesian wells in alluvial deposits and discusses the size of 
drill holes, the methods of casing, the preservation of well records, and the importance of laws 
to govern the use of artesian waters. Gives a list of publications bearing on artesian waters. 

84. Report of progress of stream. measurements for the calendar year 1902, by F. H. 

Newell, Part III, Western Mississippi River and western Gulf drainage. 
1903. 200 pp. 

Ckmtains a hrief description of Barton Springs, near Austin, Tex. (pp. IS2, 153). See also 
Water-Supply Papers 132 and 174. 

85. (See p. 48.) 
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89. Water reeoutt^es of the Salinas Valley, Oal., by Homer Hamlin. 1904. 91 pp., 

12plfl. 15c. 

Includes data in regard to ground water and pumping plants and a map showing the area 
of artesian flow and the areas irrigated with water obtained from wells. 

90. Geology and water reeourcee of part of the lower James River valley, S. Dak., 

by J. E. Todd and C. M. Hall. 1904. 47 pp.. 23 pis. 35c. 

Describes the geology, sorfooe waters, and artesian and other ground waters ol a rectangular 
area comprising Davison, Hanson, Sanborn, Beadle, and Miner counties and parts of Kings* 
bury, Jerauld, Aurora, and McCook counties. Includes a geologic map of the area and maps 
showing areas of artesian flow, depths to Dakota sandstone, head of artesian water, depths to 
bed rock, and depths to water at the base of the till. The area is also described in Oeologic 
FoUos 99, 100, 113. and 114. 

91. The natural features and economic development of the Sandusky, Matunee, 

Muskingum, and Miami drainage areas in Ohio, by B. H. and M. S. Flynn. 
1904. 130 pp. .10c. 

Includes descriptions of numerous public water supplies obtained from wells and springs 
(pp. 58-124). 

98. (See p. 48.) 

*^. Report of progress of stream measurements for the calendar year 1903. Part 
HI, Western Mississippi River and western Gulf of Mexico drainage, by 
J. C. Hoyt. 1904. 422 pp., 1 pi. 25c. 

Contains on pages 235-237 a description and discharge record of Keramec Spring, near Mera- 
mec. Mo. See also Water-Supply Papers 131, 173, and 209. Contains, on page 321, the discharge 
records of Id springs in Oklahoma. 

101. Undergroimd waters of southern Louisiana, by G. D. Harris, with discussions 

of their uses for water supplies and for rice iifrigation, by M. L. Fuller. 1904. 
98 pp., 11 pis. 20c. 

Describes the geology and ground- water conditions of the area, gives data in regard to artesian 
wells, and outlines methods of well drilling, pumping, and rice irrigation. Includes 23 analyses 
of ground water. 

102. Contributions to the hydrology of eastern Unit^ States, 1903; M. L. Fuller, 

geologist in chaige. 1904. 522 pp. 30c. 

Contains a list of publications of the United States Geological Survey relating to ground water, 
with special reference to springs. Gives an account of the organization and of the work of the 
division of hydrology (ground water). Contains notes on wells, springs, and general water 
resources, arranged by counties, in the following States: 

Maine, by W. S. Bayley. Contains records of 224 wells and 130 springs and analyses of 3 
well waters and of 3 spring waters (pp. 27-55). 

New Hampshire, by J. M. Bout well. Contains records of 35 wells and 107 springs and analy- 
ses of 9 well waters and 12 spring waters (pp. 5^72). 

Vermont, by G. H. Perkins. Contains a table giving data in regard to the water supplies of 
Vermont towns, contains also 111 partial analyses of waters from wells, springs, streams, and 
lakes and records of 44 wells and 90 springs (pp. 73-93). 

Massachusetts, by W. O. Crosby and Laurence LaForge. Ciontains records of 162 wells and 
40 springs and analyses of 7 well waters and 17 spring waters (pp. 94-118). 

Rhode Island, by W. O. Crosby. Contains records of 24 wells and 12 springs and analyses of 
2 well waters and 3 spring waters (pp. 120-128). 

Connecticut, by H. E. Gregory. Contains records of about 470 wells and 84 springs and 
analyses of 19 well waters and 19 spring waters (pp. 127-168). 

New York, by F. B. Weeks. Contains records of 371 wells and 228 springs and analyses of 
14 well waters (pp. 169-206). 

Ctoorgia, by S. W. McCallie. Contains a table giving data in regard to water supplies of 
cities and villages in the State. Contains records of 90 wells and 100 springs and a table giving 
the yields of 14 springs. Includes analyses of water from 1 well and 1 spring (pp. 207-237). 

Florida, by M. L. Fuller. Contains records of 242 wells and 43 springs and analyses of 11 
well waters and 9 spring waters. Gives the yields of some very large springs (pp. 238-275). 

Alabama, by £. A. Smith. Contains notes on numerous wells by counties (pp. 276-331). 

Mississippi, by L. C. Johnson and E. C. Eckel. Contains records of 265 wells (pp. 332-357). 
e, by L. C. Glenn. Contains records of 78 wells (pp. 3o7-367). 
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10 PUBLICATIONS RELATING TO GROUND WATER. 

102. Oontributioiis to the hydrology of eaatem United States, 1903— Contmued. 

Kentucky, by L. C. Oleim. Contains records of 16 wells and 2 analyses of artesian water 
(pp. 3«W73). 

Arkansas, by A. H. Purdue. Contains records of 96 wells and 33 springs and anal3r8es of 3 
well waters (pp. 374-388). 

Missouri, by E. M. Shepard. Contains records of 105 wells and 112 springs and analyses of 
13 well waters and 34 spring waters (pp. 389-440). Includes brief papers on wells of Joplin and 
vicinity, by W. S. T. Smith (pp. 404-409), and the water supply of Livingston County, by 
R. Hawkins (pp. 410-416). 

Minnesota, by C. W. Hall. Contains records of about 800 shallow wells, about 200 deep wells, 
and 76 springs; includes an analysis of water from a spring at Mankato (pp. 441-488). 

Lower Michigan, by W. F. Cooper. Contains records of 198 wells and 31 springs and analy- 
ses of 11 well waters and 15 spring waters (pp.'489-512). 

104. The underground waters of Gila Valley, Ariz., by W. T. Lee. ' 1904. 71 pp., 
5 plfl. 10c. 

Describes the topography and geology of the Gila Valley between The Buttes, 12 miles east of 
Florence, and the mouth of Salt River; treats of the source, amount, and quality of water in 
the valley fill and the methods of recovering this water; includes well data' and water analyses. 

106. The water powers of Texas, by T. U. Taylor. 1904. 116 pp., 17 pis. 

Gives data regarding Hackberry Springs (2 miles northwest of Toyah Lake) and Santa Rosa 
Spring, near Santa Lucia, in Pecos County (pp. 14, 15). 

106. Water resources of the Philadelphia district, by Florence Bascom. 1904. 75 
pp., 4 pis. 5c. 

Describes the geology and the streams, springs, welLs, and public water supplies of an area 
oomprising the Germantown, Norrfstown, Philadelphia, and Chester quadrangles. Discusses 
artesian conditions and prospects In the crystalline rocks, the Triassio formations, and the 
formations of the Coastal Plain. The area is also described in Geologic Folio 162. which con- 
tains considerable information on ground water. 

108. Qufdity of water in the Susquehanna River drainage basin, by M. 0. Leighton, 
with an introductory chapter on physiographic features, by G. B. Hollister. 
1904. 76 pp., 4 pis. 15c. 

Contains anal3rses of ground waters and discussions of the quality of these waters. 

110. Contributions to the hydrology of eastern United States, 1904; M. L. Fuller, 
geologist in charge. 1905. 211 pp., 5 pis. 10c. 

Contains the reports in the following list. Most of those covering spedAc areas do not 
include any maps. 

Description of underflow meter used in measuring the velocity and direction of underground 
water, by Charles S. Sllchter (pp. 17-31). 

The California or "stovepipe" method of well construction, by Charles S. Slichter (pp. 
31^-36). 

Approximate methods of measuring the yield of flowing wells, by Charles S. Slichter (pp. 
37-42). 

OiTTections necessary in accurate determinations of flow from vertical well casings, from 
notes ftimished by A. N. Talbot (pp. 43-44). 

Experiment relating to problems of well contamination at Quitman, Ga., by S. W. McCalUe 
(pp. 45^). 

The new artesian water supply at Ithaca, N. Y., by F. L. Whitney (pp. 5&-64). 

Drilled wells of the Triassic area of the Connecticut Valley, by W. H. C. Pynchon (pp. 65-04). 

Triasslc rocks of the Connecticut Valley as a source of water supply, by M. L. Fuller (pp. 
95-112). 

Spring system of the Decatiuville dome, Camden County, Mo., by E. M. Shepard (pp. 
113-125). 

Water resources of the Fort Ticonderoga quadrangle, Vt. and K. Y., by T. N. Dale (pp. 
126-129). 

Water resources of the Taoonlc quadrangle, N. Y., Mass., and Vt., by F. B. Taylor (pp. 
130-133). 

Water resources of the Watkins Glen quadrangle, N. Y., by R. S. Tarr (pp. 134-140). The 
ground-water conditions of this quadrangle are described more fully in Geologic Folio 169. 

Water resources of the central and southwestern highlands of New Jersey, by Laurence La 
Forge (pp. 141-155). 
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110. Contributions to the hydrology of eastern United States, 1904— Continued. 

Water resouroes ol the Chambersburg axi4 Meroenborg quadrangles. Pa., by O. W. Stose 
(pp. 156-158). The ground-water conditions of these quadrangles are described more fully in 
Geologic Folio 170. 

Water resouroes of the Curwensville, FattoD, Ebensburg, and Baraesboro quadrangles. Pa., 
by F. G. Clapp <pp. 159-163). The ground-water conditions of the Bamesboro and Patton 
quadrangles are also briefly described in Oeologic Folio 1S9, and those of the Ebensburg 
quadrangle in Geologic Folio 133. The ground waters of the Curwensvllle, Bamesboro, and 
Patton quadrangles are also briefly described in Bulletin 531-d. 

Water resources of the Elders Ridge quadrangle, Pa., by R. W. Stone (pp. 164, 165). The 
ground-water conditions of this quadrangle are also described in Bulletin 256 (with geologic 
map) and in Geologic Folio 123. 

Water resources of the Waynesburg quadrangle, Pa., by R. W. Stone (pp. 166, 167). The 
ground-water conditions of this quadrangle are also described in Geologic Folio 121. 

Water resouroes of the Accident and Grantsville quadrangles, Md., by G. C. Martin (pp. 
168-170). The ground-water conditions of these quadrangles are also described in Geologic 
Folio 160. 

Water resouroes of the Frostburg and Flintstone quadrangles, Md. and W. Va., by G. C. 
Martin (pp. 171-173). 

Water resources of Cowoe and Pisgah quadrangles, N. C, by H. S. Gale (pp. 174-176). The 
ground-water conditians of the Pisgah quadrangle are described also in Geologic Folio 147. 

Water resouroes^f the Middleboro-Harlan region of southeaster^ Kentucky, by G. H. Ashley 
(pp. 177-178). 

Summary of the water supply of the Ozark region in northem Arkansas, by G. I. Adams 
(pp. 179-182). 

Notes on the hydrology of Cuba, by M. L. Fuller (pp. 183-200). 

111. Preliminary report on the underground waters of Washington, by Henry Landes. 
1905. 85 pp., 1 pi. 10c. 

Describes briefly by counties the deep wells, springs, and municipal water supplies of the 
State. 

*112. Underflow tests in the drainage basin of Los Angeles River, by Homer Hamlin. 
1905. 55 pp., 7 pis. 5c. 

Describes in detail the methods and apparatus used in making measurements of the rate and 
volume of imderflow and gives the results of underflow tests made in the valley of Los Angeles 
River in 1902 and 1903. 

113. The disposal of strawboard and oil-well wastes, by R. L. Sackett and Isaiah 
Bowman. 1905. 52 pp., 4 pis. 5c. 

The second part of this paper describes briefly the geology and ground waters of the region 
about Marion, Ind., and the contamination of rock wells and streams by waste oil and brine. 

*114. Underground waters of eastern United States; M. L. Fuller, geologist in charge. 
1905. 285 pp., 18 pis. 25c. 

Contains a paper entitled '' Occurrence of underground waters," by M. L. Fuller, in which are 
discussed the source, quantity, and temperature of ground waters, the permeability and storage 
capacity of water-bearing formations, the recovery of water through springs and wells, the 
conditions that produce artesian flow and the general ground-water conditians in eastern 
United States (pp. 18-40). 

Contains also brief reports on groimd water in the following States, each of which includes a 
bibliography: 

Maine, by W. S. Bayley (pp. 41-66). Includes analyses of 35 spring waters. 

New Hampshire, by M. L. Fuller (pp. 57-50). 

Vermont, by G. H. Perkins (pp. 60-67). Includes a sketch map of the State, showing water- 
bearing deposits and analyses of 3 spring waters. 

Massachusetts and Rhode Island, by W." O. Crosby (pp. 68-75). 

Connecticut, by H. £. Gregory (pp. 76-81). Includes a sketch map of the State, showing 
the rock formations. 

New York, by F. B. Weeks (pp. 82-92). Includes a sketch map of the State, showing the 
rock formations. 

Now Jersey, by G. N. Knapp (pp. 93-103). Includes a sketch map of the State, showing the 
ground-water provinces, and 5 geologic sections, showing the water-bearing formations of the 
Coastal Plain. 

Pennsylvania, by M. L. Fuller (pp. 104-110). Includes a sketch map of the State, showing 
the main geologic systems. 
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12 PUBLICATIONS RELATING TO GROUND WATER. 

*114. Underground waters of eastern United States— Continued. 

Delaware, by N. H. Darton (pp. 111-113). Indudes geolagio sections showing water-boaring 
formations. 

Maryland, by N. H. Darton and M. L. Poller (pp. 114-123). Includes geologic sections 
showing water-bearing formations. 

District of Columbia, by N. H. Darton and M. L. Fuller (pp. 134-126). Includes geologic 
sections showing water-bearing formations. 

Virginia, by N. H. Darton and M. L. Fuller (pp. 127-135). Includes geologic sections show- 
ing water-bearing formations. 

North Carolina, by M. L. FuUer (pp. 136-139). 

South Carolina, by L. C. Olenn (pp. 140-132). Includes geologic sections showing water- 
bearing formations. 

Qeoigia, by S. W. McCallle (pp. 153-158) . Includes a sketch map of the St«te, showing areas 
of artesian flow. 

Florida, by M. L. Fuller (pp. 159-163). 

Alabama, by B. A. Smith (pp. 164-170). Includes a sketch map of the State, showing ground- 
water conditions. 

Mississippi, by L. C. Johnson (pp. 171-178). Includes a geologic sketch map of the State. 

Louisiana and southern Arkansas, by A. C. Veatch (pp. 17:>-187) . Includes sketch maps show- 
ing ground- water conditions . 

Northern Arkansas, by A. H. Purdue (pp. 188-197). Includes a geologic sketch map and 
sections of the area. ^ 

Tennessee and Kentucky, by L. C. Glenn (pp. 198-20S). 

Missouri, by E. M. Shepard (pp. 209-219). Includes sketch maps showing the geology and 
and ground- water conditions of the State. 

Iowa, by W. H. Norton (pp. 220-225). 

Minnesota, by C. W. HaU (pp. 226-232). 

Wisconsin, Northern Peninsula of Michigan and the portion, of Illinois north of the Carbonif- 
erous deposits, by Alfred R. Schults (pp. 232-241). Includes a sketch map of the region showing 
the outcrops of the " Potsdam" and St. Peter sandstones. 

Lower Michigan, compiled from report by A. C. Lane (pp. 242-247). Includes a geologic 
sketch map and a section of the area. 

Illinois, by Frank Leverett (pp. 248-257). Includes a geologic sketch map and a set?tion of 
the State. 

Indiana, by Frank Leverett (pp. 25S-254). Includes sketch maps of the State, showing the 
geology, the depth of the glacial drift, and the relation of wells to depths of drift. 

Ohio, by Frank Leverett (pp. 265-270) . Includes sketch maps'of the State showing the geol- 
ogy, the depths of the glacial drift, and the relation of wells to the depth of drift. 

West Virginia, by M. L. Fuller (pp. 271-2?2). 

116. Water problems of Santa Barbara, Cal., by J. B. Lippincott. 1905. 99 pp., 
8 pis. 10c. 

Deals chiefly with surface waters but contains data on deep city wells and collecting tunnel 
and analysis of tunnel water (pp. 33-42, 57). 

118. Geology and water resources of a portion of east-central Washington, by F. C*. 
Calkins. 1905. 96 pp., 4 pis. 5c. 

Describes briefly the geology of the Columbia Plains and the Kittitas Valley, gives informa- 
tion in regard to the streams, springs, and wells, and discusses the artesian prospects. 

120. Bibliographic review and index of papers relating to underground waters pub- 
lished by the United States Geological Sur\ ey, 1879-1904, by M. L. Fuller. 
1905. 128 pp. 10c. 

Lists all papers that contain information on ground water. Gives brief abstmcts of these 
papers in regard to ground water, with page references for i>apers dealing mainly with other sub- 
jects. Contains an index of the papers listed in so far as they relate to ground water. 

*122, Relation of the law to underground waters, by D. W. Johnson. 1905. 55 pi>. 
5c. 

Defines and classifies ground waters and gives common-law rules and State legislative acts 
relating to their use. 

*123. Geology and underground water conditions of the Jornada del Muerto, N. Mex., 
by C. R. Keyes. 1905. 42 pp., 9 pis. 15c. 
This report is superseded by Water-Supply Paper 18S. 
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127. (See p. 48.) 

130. (See p. 48.) 

131. RexMrt of progress of stream measurements for the calendar year 1904, Part VIII, 

Platte, Kansas, Meramec, Arkansas, and Red River drainages, by M. C. 
Hinderlider and J. C. Hoyt. 1905. 

Contaiiis, on pages 12^125, a desoription and discharge record for Meramec Spring, near 
Meramec, Mo. See also Water-Supply Papers 99, 173, and 209. 

132. Report of progress of stream measurements for the calendar year 1904, Part IX, 

Western Gulf of Mexico and Rio Grande drainages, by T. U. Taylor and 
J. C. Hoyt. 1905. 132 pp., 2 pis. 

Contains descriptions of the following springs in Texas: Lipan and Eickapoo springs near San 
Angelo (p. 43); Barton and Mormon springs, near Austin (pp. 44 and 45); T^jrah Spring, at 
Toyahvllle (pp. 121 and 122); and Santa Rosa Spring near Fort Stockton (p. 122). (See also 
p. 127.) 

133. (See p. 48.) 

135. (See p. 48.) 

136. Underground waters of Salt River valley, Ariz., by W. T. Lee. 1905. 196 pp., 

23 pis. 25c. 

Describes the geology of that part of the valley in which Phoenix and Mesa are sittuted. 
Qives well records and discusses the quantity and chemical character of the ground waters, the 
duty of water for Irrigation, and the cost of pumping. Contains maps showing the geology and 
the position of the waier table. 

*137. Development of imderground waters in the eastern coastaI>plain region of 
southern California, by W. C. Mendenhall. 1905. 140 pp., 7 pis. 35c. 

Describes the ground-water conditions and the irrigation systems in the Anaheim and Santa 
Ana quadrangles in Los Angeles and Orange counties. Discusses the effects of development 
and drought on ground-water levels, contains records of 2,765 wells, and includes maps showing 
original areas of artesian flow, areas of artesian flow in 1904, ground-water levels, irrigated lands, 
and locations of wells and pumping plants. Includes also a general map of the *' Valley of south- 
em California, " showing contours of the water table, original areas of artesian flow, and areas of 
artesian flow in 1904. 

*138. Development of imderground waters in the central coastal-plain region of 
southern Califomia, by W. C. Mendenhall. 1905. 162 pp., 5 pis. 25c. 
See under Water-Supply Paper 139. 

Describes the ground-water conditions and the irrigation systems In the Downey and Las 
Solas quadrangles, in Los Angeles and Orange counties. Discusses the effects of development 
and drought on ground-water levels, contains records of 3,323 wells, and includes maps shtfwlng 
original areas of artesian flow, areas of artesian flow in 1904, ground- water levels, irrigated lands, 
and locations of wells and pumping plants. Contains also the general map mentioned under 
Water-Supply Paper 137. 

*139. Development of underground waters in the western coastal-plain r^on of 
southern Califomia, by W. C. Mendenhall. 1905. 105 pp., 8 pis. 25c. 

Describes the ground-water conditions and the irrigation systems in the Santa Monica and 
Redondo quadrangles, in Los Angeles County. Discusses the effects of development and 
drought on changes in ground- water levels, contains records of 2,097 wells, and includes maps 
showing original areas of artesian flow, areas of artesian flow in 1904, ground-water levels, irri- 
gated lands, and locaiioos of wells and pumping plants. Contains also the general map men- 
tioned under Water-Supply Paper 137. 

140. Field measurements of the rate of movement of underground waters, by C. S. 
Slichter. 1905. 122 pp., 15 pis. 15c. 

Discusses the capacity of sand to transmit water, describes the under-flow meter devise 1 
by the author and laboratory experiments on the flow of water through sands and gravels, and 
gives results of measurements of underflow in Rio Hondo, San Gabriel, and Mohave River 
valleys, Cal., and on Long Island, N. Y. Discusses speciflc capacities of wells, gives results of 
tests of wells and pumping plants in the Rio Grande valley in New Mexico and Texas and 
the Arkansas Valley in Kansas, and describes the "stovepipe" method of well construction. 
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141. ObeervatioDfi on the ground waters of the Rio Grande valley, by 0. S. Slichter. 
1905. 83pp., 5 pis. 5c. 

Describes investigation of the underflow in the valley of the Rio Grande in Texas and New 
Mexioo, gives details of tests of jumping plants near £1 Paso, Tex., in Mesilla Valley, N. Mex., 
and near Berino, N. Mex., and gives analyses of well waters and data concerning wells at and 
near El Paso. 

•142. The hydrology of San Bernardino Valley, Cal., by W.. C. Mendenhall. 1905. 
124 pp., 12 pis. 25c. 

Describes the source, circulation, quantity, temperature, and chemical character of the 
ground water, gives records of 890 wells, and contains maps showing changes in areas of arte- 
sian flow and in ground-water levels, and locations of wells, pumping plants, and ij-ieated 
lands. This paper, like Nos. 137, 138, 139, and 219, also contains a general map of the ^1*^" 
of southern California," showing contours of water table, original areas of artesian f 
areas of artesian flow in 1904. 

144. The nonnal distribution of chlorine in the natural waters of New Yoi 

New England, by D. D. Jackson. 1905. 31 pp., 5 pis. 10c. 

Discu8ses-the content of sodium chloride in coast and inland waters and its value in L. 
ing pollution of streams and wells. Describes thesolutions and methods used in determ' 
of chlorine. Contains maps showing the normal distribution of chlorine in surface and . ^oud 
waters in the New England States and New York, and tables giving data on which th-; maps 
are based. 

145. Contributions to the hydrology of eastern United States, 1905; M. L. Fuller, 

geologist in charge. 1905. 220 pp., 6 pis. 10c. 

Contains the reports in the following list. Most of those covering specified areas do not in- 
clude any maps. 

Hydrologic work in eastern United States and publications on ground waters, by M. 
Fuller (pp. »-29). 

The dndnage of ponds into drUled wells, by R. E. Horton (pp. 30-^9). 

Two unusual types of artesian flow, by M. L. Fuller (pp. 40-45). 

Construction of so-called fountain and geyser springs, by U. L. Fuller (pp. 46-^). 

A convenient gage for determining low artesian heads, by M. L. Fuller (pp. 51, 52). 

Water resources of the Catatonk area, N. Y., by E. M. Kindle(pp. 53-67). The ground-water 
conditions in this quadrangle are also described in Geologic Folio 169. 

Water resources of the Pawpaw and Hancock quadrangles, W. Va., Md., and Pa., by G. W. 
Stose and G. C. Martin (pp. 58-63). The ground-water conditions in these quadrangles are 
also described in Geologic Folio 179. 

Water resources of the Nicholas quadrangle, W. Va., by O. H. Ashley (pp. 64-66). 

Water resources of the Mineral Point quadrangle. Wis., by U. S. Grant (pp. 67-73). The 
ground-water conditions in this quadrangle are also described in Geologic Folio 145. 

Water resources of the Joplln district, Mo.-Kans., by W. 8. T. Smith (pp. 74-83). The 
ground-water conditions in this quadrangle are also described in Geologic Folio 148, but analyses 
are given only in the water-supply paper. 

Water resources of the Winslow quadrangle, Ark., by A. H. Purdue (pp. 84-87). The ground- 
water conditions in this quadrangle are also described in Geologic Folio 154. 

Water resources of the contact region between the Paleozoic and Mississippi embayment 
deposits in northern Arkansas, by A. H. Purdue (pp. 88-119). 

Water resources of the Portsmouth- York region, N. H. and Maine, by G. O. Smith (pp. 
120, 128). 

A ground-water problem in southeastern Michigan, by M. L. Fuller (pp. 129-147). 

Water supplies at W^aterloo, Iowa, by W. H. Norton (pp. 148-165). 
* Water supply from glacial gravels near Augusta, Maine, by G . O. Smith (pp. 156-160). 

Water-supply from the delta type of sand plain, by W. O. Crosby (pp. 161-178). 

Waters of a gravel-filled valley near Tully, N. Y., by G, B. Hollister (pp. 179-184). 

Notes on certain hot springs of the southern United States, by W. H. Weed (pp. 185-206). 

Notes on certain large springs of the Ozark region, Mo. and Ark., compiled by M. L. Fuller 
(pp. 207-210). 
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146. ProceedingB of second conference of engineers of the Reclamation Service, 
with accompanying papers, compiled by F. H. Newell, chief engineer. 
1905. 267 pp. 15c. • 

Contains a brief aooount of the organisation of the hydrographic [water reeouioes] branch, 
Inehiding the division of hydrology [grotrnd water]. Indodes the following papers relating to 
groond water, drilling methods, and pumping for irrigation. 

Pumping underground water hi southern Califomia, by P. C. Finkle. 

Diamond-drill methods, by O. A. Hammond. 

Underground waters of southern California, hy W. C. Mendenhall. 

Cost of power for pumping irrigating water, by H. A. Storrs. 

*V*^. Geology and water resources of Oklahoma, by C. N. Grould. 1906. 178 pp., 
' " •'* 22 pis. 20c. 

,vot ^ . • 

Covers only the original Territory of Oklahoma, not the eastern part of the State. Describes 

the topography and geology and the streams, sprhigs, and wells; discusses artesian conditions, 

. . '.[f outlines the water supplies by counties; treats of irrigation from reservoirs, qprings,and wells; 

and gives 154 analyses of well waters and a table containing records of 361 wells. Includes a 

geologic map. 

• >i!)ti' 

.jfi. Preliminary list of deep borings in the United States, second edition with 
-oTa J additions, by N. H. Darton. 1905. 176 pp. 10c. 

Gives location, depth, diameter, yield, water level, and other available Information con- 
cerning wells 400 feet or more in depth; includes all wells listed in Water-Supply Papers 57 
and 61. Contains some data in regard to every State in the United States, arranged alpha- 
betically by States and counties. Mentions principal publications relating to deep borings. 

*1^. Weir experiments, coefficients, and formulae, by R. E. Horton. 1906. 189 pp., 
38 pis. 15c. 

Superseded by Water-Supply Paper 200. 
•151. Field assay of water, by M. O. Leighton. 1905. 77 pp., 4 pis. 10c. 

Describes apparatus, reagents, and methods for rapid field determinations of turbidity, 
color, iron, hardness, carbonates, bicarbonates, sulphates, chlorides, and oaldum in water. 

152. A review of the laws forbidding pollution of inland waters in the United States 
(second edition), by E. B. Goodell. 1905. 149 pp. 10c. 
Includes laws relating to wells and springs. 

♦153. The imderflow in Arkansas Valley in western Kansas, by C. S. Slichter. 1906. 
90 pp., 3 pis. 15c. 

Discusses the origin and extent of the underflow, the fluctuation of ground-water level, and 
the chemical composition of the water. Gives results of imderflow measurements and tests of 
the rate of evaporation of ground water. Gives sununaries and details of pumping tests and 
analyses of river and well waters. 

*154. The geology and water resources of the eastern portion of the Panhandle of 
Texas, by C. N. Gould. 1906. 64 pp., 15 pis. 10c. 

Describes the topography and geology and the streams and springs, discusses the ground- 
water oonditions and irrigation, and gives detailed data by counties. Includes a geologic map. 

*156. Fluctuation of the water level in wells, with special reference to Long Island, 
N. Y., by A. C. Veatch. 1906. 83 pp., 9 pis. 25c. 

Gives data on ground-water levels and discusses fluctuatlans due to rainfiill, evaporation, 
barometnc changes, temperature changes in rivers, changes in lake levels, tidal changes, irriga- 
tion, the construction of dams, ground-water developments, deforestation, cultivation of the soil, 
drainage, and other causes. 

*157. Underground water in the valleys of Utah Lake and Jordan River, Utah, by 
G. B. Richardson. 1906. 81 pp., 9 pis. 20c. 

Describes the geology and the ground-water conditions and gives numerous well records. 
Includes maps showing depths to ground water and areas of artesian flow. 

56122°— 18— wsp 427 2 
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158. Preliminary report on the geology and underground waters of the Roswell arte- 

sian area, N. Mex., by C. A. Fisher. 1906. 29 pp., 9 pis. 15c. 

Describes the geology and ground-water conditions o'f the artesian basin which extends along 
Pecos River from Roswell to Lake McMillan. Discusses the area and extent of the'artosian 
basin, the source, quantity, pressure, quality, and conservation of the artesian ^ater, and the 
irrigation with this water. Gives well records and analyses and contains maps showing the area 
of artesian flow and the intalre area. 

159. Summary of ^he underground-water resources of Missiasippi, by A. F. Crider 

and L. C. Johnson. 1906. 86 pp., 6 pis. 20c. 

Describes the geology and the ground-water conditions of the State. Gives notes on wells 
by counties, records ofxieep wells, and chemical analyses. Includes a geologic map (Fl. I) and 
a map showing ground-water conditions (PL V). 

*160. Underground-water papers, 1906; M. L. Fuller, geologist in chai^ge. 1906. 104 
pp., 1 pl. 

Gives an account of work done in 1905 and lists of pubUcations relating to ground waters; 
also contains the following reports: 

Significance of the term "artesian," by M. L. Fuller (pp. 9-15). 

Representation of wells and springs on maps, by M. L. Fuller (pp. 1&-I8). 

Occurrence of v, ater in crystalline rocks, by E. E. Ellis (pp. 19-28). 

Flowing-well districts in the eastern part of the northern peninsula of Michigan, by Frank 
Leverett (pp. 29-53). 

Drainage of wet lands in Arkansas by wells, by A. F. Crider (pp. 54-58). 

Total amount of free water in earth's crust, by M. L. Fuller (pp. 59-72). 

Use of fluorescein in the study of underground waters, by R. B. Dole (pp. 73-85). 

Peculiar mineral waters from crystalline rocks of Georgia, by M. L. Fuller (pp. 86-91). 

Problems of water contamination, by Isaiah Bowman (pp. 93-95). 

Instances of improvement of water in wells, by M. L. Fuller (pp. 96-100). 

*163. Bibliographic review and index of underground-water literature published in 
the United States in 1905, by M. L. Fuller, F. G. Clapp, and B. L. Johnson. 
1906. 130 pp. 15c. 

Lists practically all papers that contain any information on ground water; includes brief 
abstracts with respect to ground water, gi\ing page references for reports dealing mainly with 
other subjects; contains index with respect to ground-water subjects of papers listed. 

*164. Underground waters of Tennessee and Kentucky west of Tennessee River and 

of an adjacent area in Illinois, by L. C. Glenn. 1906. 173 pp., 7 pis. 25c. 

Descnbes the topography and geology, discusses mineral waters and artesian conditions, and 

outlines the water resources by counties. Contains maps showing the geology and the head of 

the artesian water. 

168. (See p. 48.) 

170. Report of progress of stream measurements for the calendar year 1905, Part VI, 

Great Lakes and St. Lawrence River drainages, by R. E. Horton, F. W. Hanna, 

and J. C. Hoyt. 1906. 116 pp., 1 pl. 

Contains, on pages 24 and 25, a description and a one-year record of discharge of Reeds Springs, 
near Albion, Mich. 

173. Report of progress of stream measurements for the calendar year 1905, Part IX, 

Meramec, Arkansas, Red, and lower western Mississippi River drainages, by 
M. C. Hinderlider, J. M. Giles, and J. C. Hoyt. 1906. 305 pp., 1 pl. 

Contains, on page 17, a description and discharge record of Meramec Spring, near Meramec, 
Mo. See also Water-Supply Papers 99, 131, and 209. 

174. Report of progress of stream measurements for the calendar year 1905, Part X, 

western Gulf gf Mexico and Rio Grande drainages, by T. U. Taylor and J. G. 
Hoyt. 1906. 113 pp., Ipl. 
Describes Bartons Springs, near Austin, Tex. (pp. 30, 31). 
177. (See p. 48.) 
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*181. Geology and water redources of Owens Valley, Cal.,by W. T. Lee. 1906. 28 
pp., 6 pis. 15c. 

Outlines the geology and ground-water condition5, gives well records, and discusses briefly 
the artesian prospects, the utilization of ground waters by installation of pumping and power 
plants, reservoir sites, and the significance of undrainod lakes as registers of climate. See also 
Water^upply Paper 29<. 

*182. Flowing wells and municipal water supplies in the southern portion of the 
southern peninsula of Michigan, by Frank Leverett and others. 1906. 
292 pp., 5 pis. 50c. 

« See under Water-Supply Paper 183. 

*183. Flowing wells and municipal water supplies in the middle and northern por- 
tions of the southern peninsula of Michigan, by Frank Leverett and others. 
1907. 393 pp., 5 pis. 50c. 

No8. 182 and 183 describe in general the geology and ground-water conditions of the areas 
covered and give details by counties concerning flowing wells and municipal supplies. They 
CGQtain numerous analyses and several geologic and artesian>water maps. 

*184. The underflow of the South Platte Valley, by C. S. Slichter and H. C. Wolff. 

1906. 42 pp. 5c. 

Describes investigations of velocity, dlrectlan, and quantity of underflow at Ogalalla, Nebr. 
gives chemical analyses of the water, and discusses disadvantages of underflow canals or infil- 
tration ditches. Describes also investigations at North Platte, Nebr., and gives suggestions 
for the construction of small pumping plants. 

*188. Water resources of the Rio Grande Valley, N. Mex., and their development, 
by W. T. Lee. 1907. 59 pp., 10 pis. 20c. 

Describes the topography and geology, reservoir sites, and the water resources of the valley. 
Gives the well data and outlines the ground-water conditions in the Santa Fe, Albuquerque, 
Belen, Jornada, La Mesa, and Mesilla districts. Discusses the origin, course, and quantity of 
the ground water, its character, and its utilization by means of wells and infiltration ditches. 
Contains several analyxB of river and well waters and includes a topographic map of Mesilla 
Valley, showing depths to ground water. 

*190. Underground waters of the Coastal Plain of Texas, by T. U. Taylor. 1907. 
73 pp., 3 pis. 15c. 

Describes the ground waters by counties; gives many well records and analyses; includes a 
map showing locations of artesian wells. 

*191. The geology and water resources of the western portion of the Panhandle of 
Texas, by C. N. Gould. 1907. 70 pp., 7 pis. 15c. 

Describes the topography and geology, the springs, streams, and shallow and deep-seated 
ground waters, and the utilization of the waters for irrigation. Gives detailed information by 
counties and includes a geologic map. 

*193. The quality of surface waters in Minnesota, by R. B. Dole and F. F. Wesbrook. 

1907. 171 pp., 7 pis. 25c. 

Relates chiefly to surface waters but contains scattered notes on wells used for public supplies 
throughout the State, a table of data in regard to those wells (pp. 146-149), and a brief discussion 
of the comparative value of surface and ground waters (pp. 151-153). 

*195. Underground waters of Missouri, their geology and utilization, by E*. M. 
Shepard. 1907. 224 pp., 6 pis. 30c. 

Describes the topography and geology of the State and discusses the water supplies by dls. 
tricts and counties; gives statistics of city water supplies, analyses of water, and many well 
sections and records; includes a map of the State, showing the locations of flowing and non- 
flowing deep wells. 

197. (See p. 48.) 
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*199. Undeiground water in Sanpete and central Sevier valleyB, Utah, by 6. B. 
Richardson. 1907. 63 pp., 6 pis. 25c. 

Describes the geology of the area and the sources, distribution, recovery, and quality of the 
ground waters; gives detailed descriptions and tabulated data concerning springs and weUs; 
includes a map showing the geology and the depths to ground water. 

*200. Weir experiments, coefficients, and formulas, by R. E. Horton. 1907. 195 
pp., 38 pis. 35c. 

Revision of Water-Supply Paper VSO. A treatise en the theory of woirs, with tables and 
carves based on experiments. 

*209. Surface water supply of lower western Mississippi River drainage, 1906, by 
R. I. Meeker and J. M. Giles. 1907. 79 pp., 2 pis. 15c. 

Contains, on pages 21 and 22, a description and discharge record of Merameo Spring, near 
Meramec, Mo. See also Water- Supply Papers 99, 131, and 173. Contains, on page 74» disdiarge 
records of Antelope, Buffalo, and Sulphur springs, near Sulphur, Okla. 

212. (See pp. 4&-49.) 

*213. Surface water supply of California, 1906, by W. B. Glapp, with a section on 
ground-water levels in southern California^ by W. C. Mendenhall. 1907. 
219 pp., 4 pis. 25c. 

Gives the results of a series of measurements of water levels in wells made daring 1904, 1905^ 
and 1906 (pp. 189-206). Wells widely distributed over the various basins of soathem California 
were selected in order that the data would give a basis lor oonohmions as to the flnctaations of 
the water table in each of these basins. 

214. (See p. 49.) 

*215. Geology and water resources of a portion of the Missouri River valley in north- 
eastern Nebraska, by G. E. Condra. 1908. 59 pp., 11 pis. 40c. 

Describes the geology, streams, springs, and shallow and artesian wells in Boyd, Knox, 
Cedar, Dixon, and Dakota counties, and in a part of Holt County; Includes maps showing 
the geology and the artesian-water conditions; contains Infonnation on "blowing wells." 

*216. Geology and water resources of the Republican River valley and adjacent 
areas, Nebraska, by G. E. Condra. 1907. 71 pp., 13 pis. 16c. 

Describes the geography, geology, and surface and ground waters4n Dundy, Hitchcock, Red- 
willow, Furnas, Harlan, Franklin, Webster, Nuckolls, Thayer, and JeflEerson counties; Induiles 
a geologic map; contains information on "blowing wells." 

*217. Water resources of Beaver Valley, Utah, by W. T. Lee. 1908. 57 pp., 1 pi. 
10c. 

Describes the geography, geology, streams, springs, and seepage waters of the eastern part 
of Beaver County. Gives data in regard to deep wells in the Beaver, Greenville, Adamsvllle, 
Minersville, and Milford districts, and at railroad stations betw^n Beryl and Lynn. Discusses 
possible developments of additional irrigation supplies from surface and underground sources. 
Describes the quality of the water and contains field assays and laboratory analyses. 

*219. Ground waters and irrigation enterprises in the foothill belt, southern Cali- 
fornia, by W. C. Mendenhall. 1908. 180 pp., 9 pis. 50c. 

Covers the Pasadena, Pomona, and Cucamonga quadrangles, which lie south of the San 
Gabriel Mountains between .Los Angeles and San Bernardino. Describes the geography, 
geology, and ground-water conditions, discusses fluctuation in ground-water levels and the 
conservation of the water supply, and gives the results of measurements of water levels in 1904, 
1905, and 1906. Describes irrigation systems and gives records of l,0i4 wells. Contains maps 
showing original areas of artesian flow, areas of artesian flow in 1904, ground-water levels, irri- 
gated lands, and locations of wells and pumping plants. Contains also the general map that 
is described under Water-supply Paper 142 and is included with Water-Supply Papers 137, 138, 
and 139. 
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*220. Geology and water resources of a portion of south-central Oregon, by G. A. 
Waring. 1908. 86 pp., 10 pis. 20c. 

- Deschbestbegeography^aM geology, axid the streams, ]Akc8,aM ground WBte^ 
of Goose Lake, Abert Lake, Chewaacan Maish, Suinxner Lake, Silver Lake, Gbristmas Lake, 
Alkali Lake, and In Warner Valley and several smaller valleys lying chiefly in Lake County. 
Gives analyses of waters and of alkali in soil and Inchides a geologic map. 

221. Geology and water resources of the Great Falls region, Mont., by G. A. Fisher. 
1909. 89 pp., 7 pis. 20c. 

Describes the geography and geology, and the surface vrtitas, ground waters, and artesian 
oonditians in an inegolar area oomprldng ports of Cascade, Teton, Feq^us, Chouteau, and 
Lewis and Clark counties. Discusses municipal water supplies, the chemical character of the 
water, water powers, irrigatian, and agriculture; gives analyses of water; includes maps show- 
ing the geology, the locations of artesian wells, etc. 

*222. Preliminary report on the ground watera of San Joaquin Valley, Gal., by W. G. 
Mendenhall. 1908. 52 pp., 1 pi. 10c. 

Descrfbesthegeography, geology, and surface and groondwaten of the entirB valley. Dis- 
cusses the origin, drculation, quantity, accessibility, and development of the ground waters; 
gives notes on the water supplies by counties; and Includes a map showing areas of artesian 
flow and oontouis of the water table. Superseded by Wate^Snpply Paper 896. 

*223. Underground waters of southern Maine, by F. G. Glapp, with records of deep 
wells, by W. S. Bayley. 1909. 268 pp., 24 pis. Kc. 

Covers an area that lies almost entirely south of the 45th paralleL Describes the physi- 
ography, drainage, water-bearing rocks, the quantity, source, disposition, and temperature of 
tbe ground waters, and the recovery of water from springs, collecting galleries, tunnels, and 
wells. Discusses well-drilling methods and costs, municipal water supplies, and the quality of 
the ground waters. Gives detaUed data for each county and records of deep weDs. Includes 
a geologio map of southern Maine, and several diagrams showing the relative composition of 
waters from different kinds of rook. 

*224. Some desert watering places in southeastern Galifomia and southwestern 
Nevada, by W. G. Mendenhall. 1909. 98 pp., 4 pis. 20c. 

Describes the physical features of the region, gives hints on desert traveling and on finding 
water in desert places, describes main routes of travel, and gives detailed desorlptians of springs, 
wens, and other watering places. InolDdes a map of the region sbofwing roads and watering 
places. 

*225. Ground waters of the Indio region. Gal., with a sketch of the Golozado Desert, 
by W. G. Mendenhall. 1909. 56 pp., 12 pis. 20c. 

Describes the geography, geology, predpitatian, and drainage, and the sooiQe^ character, 
and development of ground waters In the Colorado Desert, with special reference to the 
Indio region, which is the name applied to the artesian basfai extending from the vicinity of 
Indio to the Saltan Sea. Contains a table of well data and a map of the Indio region showing 
areas of artesian flow, irrigated lands, and locations of wells and pumping plants. • 

*227. Geology and underground waters of South Dakota, by N. H. Darton. 1909. 
156 pp., 15 pis. 40c. 

Describes the geology and water horizons of the State, and discusses by counties the deep 
wells and well prospects. Gives notes on the construction and management of artesian wells. 
Includes maps showing the geology and the artesian conditions. 

230. (See p. 49.) 

*231. Geology and water resources of the Harney Basin region, Greg., by G. A. Waring. 
1909. 93 pp., 5 pis. 25c. 

Describes the geography, geology, surface waters, ground waters, and artesian conditions 
of the Harney, Catlow, Alvord, Whitehorse, and Malheur River basins, which Ue chiefly in 
Harney County. Discusses the conservation of the water supply, the temperatures of ground 
waters, and well drilling methods and costs. Includes a geologio map of the area. ' 
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232. Underground water reeotirces of Connecticut, by H. E. Gregory, with a study 

of the occurrence of water in crystalline rocks, by £. E. Ellis. 1909. 200 pp. , 
5 pis. 20c. 

Describes tbe physiography and geology, and the circulation, quantity, temperature, quality, 
and contamination of the ground water of tbe State. Discusses the water In tbe cnrstalUne 
rocks, the Triassic sandstones and traps, and the glacial drift. Discusses also the methods of 
constructing wells and the character and use of the springs. Gives records of wells and springs 
and analyses of ground waters. Includes detailed descilptlaDs of the towns of Wairan, North 
Haven, and Branford Point. 

233. Water resources of the Blue Grass region, Ky., by G. C. Matson, with a chapter 

on the quality of the waters, by Chase Palmer. 1909. 223 pp., 3 pis. 20c. 
Describes the physiography, geology, soils, and water resources of an area covering 90 counties 
in the north-central part <^ Kentucky. Discusses the source, occurrence, quantity, and recovery 
of ground water, the artesian conditians, the collection and storage of rain water, and tbe muni- 
cipal water supplies, the industrial uses and comparative hardness of the ground waters, ancL 
the various medicinal and table waters. Contains detailed data in regard to each county, and 
nnmerous well records and water analyses. .Includes a geologic map of the area. 

*234. Papers on the conservation of water resources. 1909. 96 pp., 2 pis. 15c. 
Contains a paper on underground waters, by W. C. Mendenhall. 
236. The quality of surface waters in the United States, Part I, Analyses of waters 
east of the one hundredth meridian, by R. B. Dole. 1909. 123 pp. 10c. 

Contains analyses of surtace waters exclusively, but includes a descripticn of analytical 
methods, an outline of methods for expressing analytical results, and a discussion of the probable 
accuracy of analyses that are applicable to ground waters as well as to sur&ce waters. Deacrlbes 
methods for the following determinations: Turbidity, total suspended solids, total dissolved 
, solids, silica, iron, calcium, magnftsinm, sodium and potassium, carbonates, bicarbonates, sul- 

phates, chlorbie, nitrates^ total acidity, and total iron. Also gives directions for the preparatioo 
of the necessary solutions. 

240. Geology and water resources of the San Luis Valley, Colo., by G. E. Siebenthal. 
1910. 128 pp., 13 pis. 26c.. 

Describes the geography and geology, and the artesian and other waters of the valley. Gives 
detafled data regarding the springs and the flowing and nonflowing wells, and discusses ade> 
quacy and permanence of the artesian supply, variations In flow, and temperature, quality and 
uses of the water, well^lrilling methods and costs, and approximate methods for measuring the 
discharge of flowing wells. Contains several analyses and a map showing the area of artesiaii 
flow, the gas fields, and the area of oolorad waler. 

247. (See p. 49.) 
260. (See p. 49.) 

251. Surface-water supply of the United States, 1907-8, Part XI, California. 1910. 

363 pp., 7 pis. 35c. 

Contains asoction (pp. 338-348) on " fluctuations in ground-water levels in the valley of south- 
ern California, by W. C. Mendenhall, in which are given results of measurements of depths to the 
water level in typical wells during 1907-8. These measurements were a continuation of the work 
reported in Water-Supply Paper 213. Contains also records of the discharge of springs as fol- 
lows: Fish Springs, Seeley Sprhigs, and Black Rock Springs, Cal. (p. 333); Settles Best 
Springs, Oreg.Xp. 337); Fords Sprhigs, and Olene Springs, Cal. (p. 338). 

252. (See p. 49.) 

254. The underground waters of north-central Indiana, by S. R. Capps, with a chap- 
ter on the chemical character of the waters, by R. B. Dole. 1910. 279 pp., 
7 pis. 40c. 

Covers the following 19 counties: Boone, Carroll, Cass, Clinton, Elkhart, Fulton, Grant, 
Hamilton, Hancock, Hendricks, Howard, Kosciusko, Hadison, Marion, Marshall, Miami, St. 
Joseph, Tipton, and Wabash. Describes the geography and geology, the sources, movements, 
oocurrenoe, and quantity of ground water and the methods of constructing wells and of lifting 
water. Describes in detail, for each county, the ground-water conditians and the water sup- 
plies for cities, villages, and rural districts. Discusses the methods of making water analyses 
and of expressing the results, the mineral constituents of natural waters, the influence of 
these constituents uiKm domestic, industrial, and medicinal uses of the water, and methods of 
purification. Compares the chemical composition of the waters in different geologic formations 
in the area and gives numerous analyses and field assays. Contahis maps showing the distri- 
bution of rock formaUons and surfBoedepositB, the thickness of the sorfBoe deposits, and the 
areas of artesian flow. 
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*256. Undeigroiiiid waters for farm use, by M. L. Fuller. 1910. 58 pp. , 17 pis. 15c. 

Discusses the various kinds of water-bearing formations and the relative safety of supplies 

from each. Describes different tyi)es of springs and their protection from pollution. Discusses 

dug and drilled wells with respect to their location, yield, cost, and safety from pollution. Dis- 

s also cisterns and oombhilitian wells and cisterns. 



266. Geology and underground waters of southern Minnesota, by C. W. Hall, O. E. 
. Meinzer, and M. L. Fuller. 1911. 406 pp., 18 pis. 60c. * • 

Covers Bigstone, Swift, Kandiyohi, Meeker, Wright, Anoka, and Washington counties and 
aU of Kinnesota south of these counties. Discusses the physiography, geologic history, geologic 
fonnations and their water-bearing capacities , artesian conditions, mineral quality of the ground 
waters, types of wells, methods of finishing wells in sand, methods of drilling in quartzite, 
"hlowfag ' ' and *' breathing " of wells , freezing of weUs and other phenomena due to variations in 
atmospheric pressure, drainage into wells, and municipal water suppUes. Ohres detailed data, 
by counties, concerning the yield, head, and quality of water. Includes nomeroos analyses of 
water and maps showing the thickness and character of surface deposits, the depths to granitic 
rocks and Sioux quartxlte, the distribution of watep-beartng formations, the areas of artesian 
\ flow, and the quality of ground waters; also diagrams showing geographic variations in the 

quality of the waters from sarfaoe deposits and bedrocks. 

*257. Well-drilling methods, by Isaiah Bowman. 1911. 139 pp., 4 pis. 15c. 

Discusses briefly ground water in the United States and water-bearing formations; gives a 
history of well drilling in Asia, Europe, and the United States; and describes the various 
methods of drilling and the machinery used. Discusses the difficulties encountered in sinking 
wells, the flooding of oil wells, the contamination of water wells and methods of preventing 
contamination, the capacity of wells and methods of testing capacity, methods of measuring 
the depth of wells and of detecting the defection of driU holes, and the cost of sinking wells. 

•258. Undeiground-water papers, 1910, by M. L. Fuller, F. G. Clapp, G. C. Mateon, 
Samuel Sanford, and H. G. Wolff. 1911. 123 pp., 2 pis. 15c. 

Contains the following papers: 

Dndnage by wells, by M. L. Fuller (pp. 6-22). 

Freezing of wells and related phenomena, by M. L. Fuller (pp. 2^-81). 

Occurrence and composition of well waters in the slates of Mahie, by F. O. Clapp (pp. 82-39). 

Occurrence and composition of well waters In the granites of New England, by F. 0. Clapp. 
(pp.4(M7). 

Pollution of underground waters in limestone, by O. C. Matson (pp. 48^66). 

Protection of shallow wells in sandy deposits, by H. L. Fuller (pp. 57-65). 

Composition of mineral sprhigs in Maine, by F. Q. Clapp (pp. 6(>-74). 

Saline artesian waters of the Atlantic (Coastal Plain, by SamusZ Sanford (pp. 75-86). 

Magnetic wells, by M. L. FuUor (pp. 87-93). 

Underground waters near Manassas, Va., by F. O. Clapp (pp. 94-97). 

The utilization of the underflow near St. Francis, Kans., by H. C. Wolff (pp. 98-119). 

259. The underground waters of southwestern Ohio, by M. L. Fuller and F. G. 
Clapp, with a discuBslon of the chemical character of the waters, by R. B. 
Dole. 1912. 228 pp., 9 pis. 36c. 

Covers the following counties: Adams (western half), Brown, Butler, Clark, Clermont, 
Clinton, Darke (southern part), Greene, Hamilton, Highland (western half), Miami (southern 
part), Montgomery, Preble, and Warren. Describes the topography and geology, the water- 
bearlng^ formations, the source, occurrence, and head of the water, and the municipal water 
supplies. GlYesdetailedinformationlnregardtoground-wateroondltions by counties. Discusses 
methods of making water analyses and of expressing the results, mineral constituents of natural 
water and their effects with respect to its use for domestic, Industrial, and medicinal purposes, 
and methods of purifying water. Gives numerous analyses and field assays. Includes maps 
showing the rock formations, the surface deposits, the thickness of surface deposits, structure 
contours, and areas of artesian flow. The chapter q^ the chemical character of the water is 
nearly the same as the chapter on the same subject in Water-Supply Paper 254. 

*260. Preliminary report on the ground waters of Estancia Valley, N. Mex., by O. E. 
^ Meinzer. 1910. 33 pp. 5c. 

Descnbes briefly the ground-water conditions in the valley and discusses the use of ground 
water for Irrigation. Includes analyses but no maps. This report is superseded by Water- 
Supply Paper 275. 

271. (See p. 49.) 



Digitized by 



Google 



22 PUBLICATIONS BELATING TO GROUND WATER. 

273. Quality of the water supplies of Kansas, by H. ^. Parker, with a prdiminary 

report on stream pollution by mine waters in southeastern Kansas, by E. H. S. 
Bailey. 1911. 375 pp., 1 pi. 30c. 

Describes the geology, ground water, and artesian basins of the State; discusses the signifi- 
cance of mineral constituents and dassiflcation of water; gives details concerning quality ot 
ground water by counties and surface water by drainage basins; contains numerous assays 
and analyses of surliBoe and ground waters; indudes a geologic map' of the State. 

274. Some stream waters of the western United States, with chaptere on sediment 

carried by the Rio Grande and industrial application of water analyses, by 
Herman Stabler. 1911. 188 pp. 15c. 

Contains analsrses of surface waters exclusively, but the discussion of Industrial appttcation 
of water analyses which it includes is as pertinent for ground waters as for surface waters. This 
discussion introduces "reacting coefficients" and '^ reacting values'' and develops formulae 
for calculating, from analysis, the soap-consuming power of the water, the amount of softening 
constituents that it requires, the extent of foaming, priming, and corrosion that it will produce 
in boilers, the amount of scale and the hardness of the scale that it will deposit in boilers, and 
its quality for irrlgatioh. 

275. (jeology and. water resources of Estancia Valley, N. Mez., with notes on ground- 

water conditions in adjacent parts of central New Mexico, by 0. E. Meinzer. 
1911. 89 pp., 14 pis. 20c. 

Describes the physiography, geology, soil, and climate of the valley, and discusses the sooroa 
and disposal of ground water, the water table, artesian conditions, yields of wells, quantity 
of ground water available, quality of ground water, storage of storm waters, use of ground water 
for irrigation, types of wells, windmills, cost of pumping, and the alkali probleihs. Contains 
tables giving depths to water level in weUs and analyses and assays of water from wells 
and springs. Contains also brief reports on physiography, geology, soil, ground water, and 
irrigation in Endno and Pinos Wells basins, and notes on wells at Vaughan. Includes maps 
showing physiogn^hy and Pleistocene and Recent geology, depths to the water table, and 
amount of chlorides and sulphates found in the ground waters. 

•276. Geology and underground waters of northeastern Texas, by 0. H. Gordon. 1911. 
78 pp., 2 pis. 10c. 

Covers an area comprising Bowie, Camp, Cass, Delta, Franklin, Hopkins, Lama, Morris, 
Red River, and Titus counties. Describes the geography and geology, and the artesian and 
Other waters found in the various formations. Describes the water resources by counties. Gives 
tables of well data and analyses of ground waters and includes a geologic map of the a 



277. Ground water in Juab, Millard, and Iron counties, Utah, by 0. E. Meinzer. 

1911. .162 pp., 5 pis. 25c. 

Describes briefly the physiography, geology, precipitation, soO, vegetation, streams, and 
industrial development, occurrence of water in bed rock and in unconsolidated sediments, 
artesian conditions, springs, the quality of ground waters, irrigation, construction of wells, 
and watering places on routes of travel. Describes in more detail Juab, Round, Little, Sage, 
Dog, Femow, and Tintic valleys, the Tlntic mining district, Pavant and Lower Beaver valleys. 
Old River Bed, Cherry Creek, the Drum, and Bwasey Wash regions, Sevier Desert, Wah Wah 
Valley, Sevier Lake bottoms. White, Fish Springs, Snake, Parowan, and Rush Lake valleys 
and the Escalante Desert. Contains several water analyses. 

278. Water resources of Antelope Valley, Cal., by H. R. Johnson. 1911. 92 pp., 

7 pis. 26c. 

Describes the drainage, cUxnate, and physiography, and the water-bearing and non water- 
bearing formati(»is of an area in Kern, Los Angeles, and San Bernardino counties. Discusses 
the artesian and other ground waters, the chemical character of the ground waters, certain 
fallacies as to the origin and quantity of artesian water, and the present and future development 
of the underground supplies. Contains a table of well data and a few chemical anal^^, and 
includes a map showing water-bearing and nonwater>bearing formations and the area of 
artesian flow. 

288. (See p. 49.) 

289. (See p. 49.) 
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293. Underground-water resources of Iowa, by W. H. Norton, W. S. Hendrixson, 

H. E. Simpson, 0. E. Meinzer, and others. 1912. 994 pp., 18 pis. 70c. 

Describes the tox)ography, climate, and geology of the State, the occurrence of water in the 
various geologic formations, the artesian phenomena and the 3^elds of artesian wells, the chem- 
ical composition of the ground waters, the muny'ipal, domestic and industrial water supplies, 
and methods of drilling wells. Discusses corrosion of well casings and boilers and the deposi- 
tion of scale in boQers. Gives a classification of mineral waters. Cantaius numerous sectioos 
of wells and about 400 water analyses. Gives detailed information concerning ground waters 
and city and village supplies by districts and counties. Includes maps showing the glacial 
and rock geology, structure contours of water-bearing formations, locations of deep wells, head 
of artesian water, and quality of ground water. Also includes numerous geologic sections show- 
ing depths to the principal wal^-bearing formations. Describes a method of casing deep wells 
with cement (p. 662). 

294. An intensive study of the water resources of a part of Owens Valley, Cal., by 

G.H.Lee. 1912. 135 pp., 30 pis. 55c. 

Relates to the Independence region, a segment of Owens Valley that is relatively isolated with 
respect to water supplies. Describes the underground reservoir of this region and the drainage 
basin tributary to it. Presents quantitative data on precipltaUon, stream flow, percolation 
into the underground reservoir from precipitation, streams, irrigation, and flood waters, evapo- 
ration and transpiration from soils in experimental tanks with various depths to water level, 
fluctuations of the water table, height of capillary rise of ground water, areas with specified 
depths to the water table within the range of capillary rise, and discharge fitmi springs. 
Analyzes the data and calculates the annual intake and discharge of the underground reservoir 
and the available supply of ground water. Includes maps showing depths to ground water 
and other hydrologic features and also includes numerous diagrams. The results of the tank 
experiments and their application in estimating the discharge of ground water in closed desert 
basins are of general interest. * 

298. (See p. 49.) 

^00. Water resources of CaUfomia, Part III, Stream measurements in the Great 
Basin and Pacific coast river basins, by H. D. McGlashan and.H. J. Dean. 
1913. 956 pp., 4 pis. .55c. 

Gives discharge records of springs and wells in California as follows: Grover Hot Springs 
(p. 196), Black Rock Springs (p. 303), Seeley Springs (p. 394), Slanson well (p. 680), Shasta 
Little Springs (p. 913), Anna Creek Spring (p. 014), Bottles Rest Springs (p. 915), Barclay Springs 
(p. 915), Fords Spring (p. 917), and Olene Springs (p. 918). • 

310. (See p. 49.) 

314. (See p. 49.) 

*315. The purification of public water supplies, by G. A. Johnson. 1913. 84 pp. 
8 pis. 10c. 

Includes a brief discussion of ground waters for municipal supplies; also information on 
methods of purification that are more or less applicable to ground waters. 

316. Geology and water resources of a portion of south-central Washington, by G. A. 
Waring. 1913. 46 pp., 1 pi. 5c. 

Covers an area of about 5,000 square miles comprising Benton County and parts of Franklin, 
Grant, Yakima, and Klickitat counties. Describes the climate, vegetation, physiography, and 
geology; discusses shallow and artesian waters and irrigation enterinises in Sunnyside and 
Reservation valleys, Horse Heaven Plateau, and the Columbia River plains, and irrigation 
along lower Yakima River; gives tabulated data concerning wells and springs; includes a 
geologic map. 

*317. Geology and underground waters of the Wichita region, north-centraj Texas, 
by C. H. Gordon. 1913. 88 pp., 2 pis. 10c. 

Covers Archer, Baylor, Clay, Foard, Hardeman, Haskell, Jack, Knox, Montague, Throck- 
morton, Wichita, Wilbarger, and Young counties. Describes the physiography and geology, 
the occurrence and quality of ground waters and their relation to rock structure, the effects 
of barometric changes on water levels, and the water-bearing formations; gives detailed infor- 
matioii by counties; contains numerous sections of wells and water analyses; includes a geologic 
map. 
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318. Water reflources of Hawaii, 1909-191 1, by W. F. Martin and C. H. Pierce. 1913. 
552 pp., 15 pis. 50c. 

Describes chiefly surfaoe-water supplies, but oontaiiis brief notes on groond-WBter supplies 
and data on the discharge of springs, infiltration tunnels, flowing wells, and pumped wells on 
several islands, as follows: Kauai, pumped wells (p. 144); Oahu, springs, pumped wells, and 
flowing wells (pp. 163, 187-196); Maui, pumped wells (pp. 258, 331-332); Hawaii, springs and 
infiltration tunnels (p. 408). Gives sections of wells on Oahu (pp. 191-193). 

•319. Geology and ground waters of Florida, by G. C. Matson and Samuel Sanford. 
1913. 445 pp., 17 pis. 60c. 

Describes the characteristic upland, lowland, and coastal features of the State--the springs, 
lakes, caverns, sink holes, natural bridges, terraces, sand dunes, coral reels, bars, inlets, tidal 
runways, pine lands, swamps, keys, and ooeen currents. Describes in detail the geologic (orma- 
tlons, thesouroe, quantity, depth, circulation, and recovery of artesian and other ground waters. 
Gives detailed information concerning ground-water conditions and water supplies by oountles. 
Contains numerous well sections and tables df well data and includes maps showing the geoloey 
and the Pleistooene terraces of the State. 

320. Geology and water resources of Sulphur Spring Valley, Ariz., by 0. E. Meinzer 
and F. C. Kelton, with a section on agriculture, by R. H. Forbes. 1912. 
231 pp., 15 pis. 45c. 

Covers Sulphur Spring Valley and contains a small amount of information on San Pedro, 
San Simon, and San Demardino valleys. Describes the physiography, the drainage, the 
geology, with special reference to the Quaternary deposits in the valley, the seasonal and geo> 
graphic distribution of the precipitation, the occurrence and level of the ground water, the 
flowing and nonflowing wells, the quality of ground waters with relation to derivative rocks, 
nrater levels, and underground circulation, the effects of quality on irrigation and other uses, 
the distribution of alkali in the soil, the relation of the alkali to the water table and to the drain- 
age, and the relation of cones of vegetation to water supidy and other geographic controls. 
Contains detailed data in regard to tests of 20 pumpbig plants and describes a portable weir 
used in making these tests. Gives the history of agriculture in the valley and discusses agri- 
cultural meth ods. Contains analyses of water and of alkali in the soil and Includes maps show- 
ing the geology, vegetation, depths to ground water, elevation of the water table, quality of 
water, and alkali in soil. 

326. (See p. 49.) 

331. Surface water-supply of the United States, 1912, Part X, Pacific coast basins 

in Califomia, by H. D. McGlashan and G. C. Stevens. 1914. 442 pp., 2 
pis. 30c. 

Contains records for 1909 to 1912, inclusive, of water levels in the series of wells for which 
water-level data are given in Water-Supply Papers 213 and 251, with an introductory note by 
W. C. Mendenhall (pp. 425-434). 

332. (See p. 49.) 

333. Ground water in Boxelder and Tooele counties, Utah, by Everett Carpenter. 

1913. 90 pp., 2 pis. 10c. 

Covers all of Boxelder County and Tooele, Rush, and Skull valleys in Tooele County. De- 
scribes briefly the geography, geology , water in bedrock and in unconsolidated sediments, arte- 
sian conditions, springs, and quality of ground waters; gives detailed information by valleys; 
contains numerous assays of water; includes a guide to watering places on routes of travel and 
maps showing locations of flowing and nonflowing wells, springs, and roads. 

*335. Geology and underground waters of the southeastem part of the Texas Ck>a8tal 
\ Plain, by Alexander Deussen. 1914. 365 pp., 9 pis. 65c. 

Coven that part of the Coastal Plain of Texas occupied by the outcrop of Cenoeolc rocks east 
of Brasos River and south of a line extending east and west through Jefferson, in Karion County. 
Describes the physiography, stratigraphy, geologio structure, occurrence of groimd water, 
springs, artesian systems, and quality of water with reference to various uses and in relation 
to the,geologio formations; gives detailed information by counties; contains numerous well 
sections and water analyses; includes maps showing the geology of the region and the stmctope 
contours and areas of artesian flow for the seven principal artesian reservoirs. 
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336. Water reeourcee of Hawaii, 1912, by C. H. Pierce and G. K. Latriflon. 1914. 
392 pp. 50c. 

Relates chiefly to surbce waters, but contains data in regard to pumpage of wells and seepage 
of ditches on the Island of Kauai (p. 99), discharge of springs and flowing wells and fluctua- 
tions of water levels in wells on the Island of Oahu (p. 128), pumpage of wells on the Island of 
Maui (pp. ao»-2U), and of springs on the Island of Hawaii (p. 381). 

338. Springs of California, by G. A. Waring. 1915. 410 pp., 13 pis. 60c. 

Describes the physical features of CaUfomla and discusses natural waters with respect to 
mineral analyses, source and amount of dissolved substances, therapeutic and other properties, 
temperature, and classiflcation. Gives detailed descriptions of springs, particularly those 
which yield mineral waters or are used as centers of recreation or health resort. Contains numer- 
ous analyses and includes maps showing the geology of the State and the locations of hot, car- 
bonated, and sulphur springs. 

»340. Stream-gaging stations and publications relating to water resources, 1885-1913, 
by B. D. Wood. 1916. 195 pp. 15c. 

Includes papers dealing with ground water. Issued also in separate chapters, as follows: 
*(a) Part I. North Atlantic coast drainage basins, pp. 1-19. ; 

(6) Part II. South Atlantic coast and eastern Qulf of Mexico drainage basins, pp. 21-90. 

(e) Part m. Ohio River basin, pp. 31-42. 

(d) Fart IV. St. Lawrenoe River basin, pp. 43-^. 

(e) Part V. Hudson Bay and upper Mississippi River drainage basins, pp. 5iMil. 

(f) Part VI. Missouri River basin, pp. 63-81. 

iff) Part VII. Lower Mississippi River basin, pp. 83-93. 

(k) Part Vin. Western Oulf of Mexico drainage basins, pp. 95-104. 

(I) Part IX. Colorado River basin, pp. 105-116. 

U) Part X. The Great Basin, pp. 117-129. 
*(k) Part XI. Pacific coast basins in Califomia, pp. 131-146. 
*<0 Part xn. North Pacific slope drainage basins, pp. 147-195. 

341. Underground waters of the Coastal Plain of Georgia, by L. W. Stephenson and 
J. 0. Veatch, and a discuflsion of the quality of the waters, by R. B. Dole. 
1915. 539 pp., 21 pis. 50c. 

Describes the physiography and geology, the source, quantity, and disposition of water 
supplies, the artesian and nonartesian waters, the quality and use of water from springs and wells, 
and the stratigraphic distribution of the ground water. Gives detailed information by coun- 
ties. Discusses the quality of the water in relation to industrial, domestic, and medicinal 
uses, the purification of water, and the composition of surface waters, and of ground waters 
In relation to geologic formations, geographic position, and depth. Contains many well sec- 
tions and water analyses and includes maps showing the geology, the areas of artesian flow 
and the locations and depths of wells. 

343. Geology and water resources of Tularoea Basin, N. Mex., by.O. E. Meinzer and 
R. F. Hare. 1915. 317 pp., 19 pis. 40c. 

Covers a large area in south-central New Mexico between the Rio Grande and Pecos valleys, 
and also contains data in regard to the vicinity of El Paso, Tex. Describes the physiography 
and geology and gives data on precipitation and its seasonal and geographic distributions. 
Discusses the water in the valley fill in regard to intake zones, occurrence, disposal, yield, 
artesian head, methods of constructing wells, and quality of the water in relation to derivative 
rocks, water table, and water-bearing beds and with respect to Its use for drinking, cooking, 
washing, steam making, and irrigation. Discusses likewise the water in Cretaceous and Car- 
boniferous strata and in igneous rocks. Describes the soil and native vegetation in relation 
to water^upplles, the irrigation from streams, springs, flood waters, and wells, the railroad and 
public water supplies. Contains a guide to watering places on routes of travel, and tables of 
well data, analyses of water and soil, and distances between watering places. Includes maps 
showing the geology, vegetation, depths to water, contours of the water table, and locations 
of watering places and connecting roads. 

•345. Contributions to the hydrology of the United States, 1914; N. C. Grover, chief 
hydraulic engineer. 1915. 225 pp., 17 pis. 30c. 

Issued also In separate chapters. The following chapters relate to ground water: 

(a) Preliminary report on ground water tor irrigation In the vldnity of Wichita, Kans., by 

O. £. Meinzer (pp. 1-0). 
(5) Ground water for irrigation in the vicinity of Enid, Okla., by A. T. Bchwennesen (pp. 

11-23, PI. I). Includes a note on ground water for Irrigation on the Great Platus, by O. E. 
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*346. Contributions to the hydrology of the United States, 1914 — Continued. 

(e) Undflrground water of Luna County, N. Hex., by N. H. Darton (pp. 25-40^ PL II>. In- 
ohides the results of five pumping tests made by A. T. Schwennesen. 

(d) Ground water for irrigation in the valley of North Fork of Canadian Blver near OUft^ 
homa City, Okla., by A. T. Schwennesen (pp. 41-51, PL III). 

(g) The water resources of Butte, Mont., by O. £. Meinzer (pp. 79-126, Pis. VU-Vm). 

(i) Ground- water resources of the Niles cone and adjacent areas, OaL, hy W. O. Clark (pp. 
127-168, Pis. IX-XVn). 

AU except No. 345-a Include maps showing groond-water condlttons. No. 845-h contains 
numeroos records of water levels in wells and an estimate of ground-water recharge in 1912-13 
and 1913-14 based on fluctuations of the water table. It includes a series of graphs showing 
fluctuations of the water table and the source of the ground water. 

358. Water resources of the Rio Grande Basin, 1888-1913, by Robert Follanabee, 

H. J. Dean, W. W. Follett, and G. A. Gray, 1915. 725 pp., 3 pis. 

Contains data on seepage of water into and out of streams, and disoossians of the data (pp. 
679-894). 

359. (See p. 49.) 

360. (See p. 49.) 
362. (See p. 49.) 

364. Water analyses from the laboratory of the United States Geological Survey, 

tabulated by F. W. Clarke. 1914. 44 pp. 5c. 

Contains 208 miscellaneous analyses of waters from rivers, lakes, wells, springs, and mines, 
whidi ^rere made at various times in the chemical laboratory of the United States GeologiGal 
Survey. Includes analyses of waters from wells, springs, or mines in the following 25 States: 
Arkansas, Arisooa, Caliibmla, Colorado, Florida, Illinois, Iowa, Kentucky, Maine, Mirfifg uT*^ 
Mississippi, Missouri, Montana, Nevada, New Mexico, North Carolina, Oklahoma, Pennsyl- 
vania, South Carolina, Tennessee, Texas, Utah, Virginia, West Virginia, and Wyoming. 

365, Ground water in southeastern Nevada, by Everett Carpenter. 1915. 86 pp., 5 

pis. 15c. 

Covers an area of about 17,000 square miles in Clark, Lincoln, White, Pine, and Nye counties, 
including the vicinities of Qeyser, Lund, Barnes, and Duckwater, on the north, and the vicini- 
ties of Sharp, Hiko, Alamo, and Indian Springs, on the west. Describes briefly the geography, 
geology, water in bedrock, and in unconsolidated deposits, artesian candltions, springs, and 
quality of water. Qives detailed infonnatlan regarding water supplies in the Las Vegas drainage 
basin, Duck, Ursine, and Meadow valleys. White River drainage basin. Muddy and Virgin 
valleys, and Bristol, Delamar, Coal, Garden, Dry Lake, Indian Spring, and Railroad valleys. 
ContaiDS water analyses, a guide to watering places on routes of travel, and a table of d*gt^>y^<»fff 
between watering places. Includes maps showing Pleistocene lake beds, areas of artesian flow, 
and locations of watering places. 

370. (See p. 49-60.) 

373. Water resources of Hawaii, 1913, by G. K. Larrison. 1915. 190 pp. 20c. 

Relates chiefly to surface waters, but contains data on the discharge of springs, tunnels, and 
flowing wells on the island of Oahu (p. 103), springs on the island of Maui (p. 161), and springs 
on the island of Hawaii (p. 174). 

374. Ground water in the Hartford, Stamford, Salisbury, Willimantic, and Saybrook 

areas, Conn., by H. E. Gregory and A. J. Ellis. 1916. 150 pp., 13 pis. 30c. 
Covers the towns of Bloomfield, Canaan, East Hartford, East Whidsor, Essex, Franklin, 
Greenwich, Hartford, Manchester, Newington, North Canaan, Old Lyme, Salisbury, Saybrooik, 
Stamford, South Windsor, Westbrook, West Hartford, Wethersfield, Whidham, and Windsor. 
Discusses the origin, circulation, quantity, and quality of the waters in stratified and nnstratifled 
drift, crystalline rocks, trai)s, Paleosoic limestones, and Triassic sandstones. Discusses ground 
water for municipal use and the construction of drilled, driven, and dug wells, and infiltration 
galleries. Describes the municipal pumping plants at Brookline, Mass., Brooklyn, N. Y., and 
Plalnfldd, N. J. Describes the ground water conditions in detail, by towns. Contains numer- 
ous tables of well data and water analyses, and includes maps showing water-bearing forma- 
tlflD, depths to water, locatians of wells, and woodlands. 
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*375. GontributionB to the hydrology of the United States, 1915; N. C. Grover, chief 
hydzauHc engineer. 1916. 181 pp., 9 pis. 15c. 

Issoed also In separate chapters. The following chapters relate to ground water: 

(a) Groond water for irrigation in the Sacramento Valley, Gal., by Eirk Bryan (pp. 1-40. 
Pls.I-H). 

"(6) Ground water in Paradise VaDey, Ariz., by O. E, Meinrer and A. J. Ellis (pp. 51-75, 
Pis. m-V). 

(d) Ground water in Big Smoky Valley, Nev., by O. E. Melnzer (pp. 85-116, Pis. VI-VII). 

(g) Ground water in Lasalle and McMullen counties, Tex., by Alexander Deussenand R.B. 
Bde (pp. 141-177, Pis. vni-IX). 

AH of these papers include maps showing ground-water canditiooA. No. 375-A contains statis- 
tics on irrigation with ground water in Sacramento Valley and a discussion of problems relating 
to the construction of wells and to pumping for irrigation. No. 375-D contains data on ground- 
water intake and discharge and on irrigation with ground water. No. 875-G discusses water in 
the various geologic formations, especially with reference to its quality and quantity for irriga- 
tion; it contahis tables of well data and water analyses. 

380. The Navajo country — a geographic and hydrographic reconnaissance of parts 
of Arizona, New Mexico, and Utah, by H. E. Gregory. 1916. 219 pp., 29 
pis. 80c. 

Covers the Navsjo and Hopi Indian reeervations, in northeastern Arizona, northwestern 
Mew Mezioo, and southeastern Utah, and some adjacent areas. Gives an outline of the history 
of the region; describes the geographic provinces, climate, soil, flora, fauna, and geology; describes 
also the streams and discusses factors influencing stream flow, irrigation with sur&oe waters, 
storage of rain and suribce waters for domestic and stock use, and water powers; discusses ground- 
water reservoirs, quality of ground water, artesian water, springs, and wells; gives data on water- 
ing places and recommendations for prospecting for water in various geographic provinces. 
Indodes mai^ showing the geology, the locatioDS of watering places, roads, and trails, and the 
areas covered by forests. 

389. (See p. 50.) 

390. (See p. 50.) ^ 

393. (See p. 50.) 

394. (See p. 50.) 

*397. Ground water in the Waterbury area, Conn., by A. J. Ellis, under the direction 
of H. E. Gr^ory. 1916. 73 pp., 4 pis. 15c. 

Discusses the water in glacial drift and crystalline rocks, ground water for private and munici- 
pal uses, and methods of developing ground-water supplies. Describes the municipal pumping 
plants at Brookline, Mass., Brooklyn, N. Y., and Plainfleld, N . J. Describes In detail the water- 
bearing formations and water supplies in the towns of Ansonia, Beaoon Falls, Middlebnry, 
Naugatuck, Oxford, Seymour, Thomaston, Waterbury, and Watertown. Contabis tables of 
well data and water analyses, and includes a map showing areas underlain by stratified drift, 
rock outcrops, woodlands, and locations of wells and springs. 

398. Ground water in San Joaquin Valley, Cal., by W. C. Mendenhall, R. B. Dole, 
and Herman Stabler. 1916. 310 pp., 5 pis. 25c. 

Describes the development of irrigation in the Southwest and gives an outline of the geography 
and geology of the San Joaquin basin. Discusses briefly the origin, circulation, quantity, and 
availability of ground water, and its use for irrigation. Describes the quality of the surface and 
ground waters, the standards for classification, the methods of purifying water, and the effects 
of quality on use. Explains the variations in the quality of the water with its depth below the 
surface and with its geographic and geologic relations. Gives details of 55 pumping tests and 
smnntarizes and discusses the results. Gives muierous well records and water analyses and 
detailed descriptions by counties. Includes maps showing areas of artesian flow, contours of 
the water table, quality of ground water, and locations of the pumping plants investigated. 
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S99. Geology and ground waters of northeastern Arkansas, by L. W. Stephenson and 
A. F. Crider, with a discussion of the chemical diaracter of the waters, by 
R. B. Dole. 1916. 315 pp., 11 pis. 35c. 

Covers an area of about 13,350 square miles extending from Mississippi River west to the Osark 
province and from Missouri south to Arkansas River. Describes the physiography, geology, sur- 
f^u» waters, stratigraphic distribution of ground waters, springs, artesian waters, and uses of 
ground water, especially in Irrigating rice. Gives detailed descriptions, well sections, and tables 
of well data by counties. Discusses chemical standards of classification, methods of purification, 
and the quality of the' waters in relation to the strata in which they occur, their geographic posi- 
tions, and their depths below the surface. Includes numerous analyses and maps showing the 
geology, the areas of artesian flow, and the locations and depths of wells. 

*400. Contributions to the hydrology of the United States, 1916; N. C. Grover, chief 
hydraulic engineer. 1917. 108 pp., 7 pis. 

Issued also In separate chapters. The following chapters relate to ground water: 

(6) Artesian water for Irrigation in Little Bitterroot Valley, Mont., by O. E. Meinier (pp. 9-^, 
Pte.I-IV). 

(«) Ground water for irrigation in the Morgan Hill area, CaL, by W. O. Clark (pp. 61-106, 
Pls.V-yiI). 

Both papers indnde maps showing ground-water oonditions. No. 400-E oontains numerous 
well sections and records of water levels in wells and an estimate of the annual ground-water 
supply , based chiefly on fluctuations of the water table and porosity of the water-bearing deposits. 

416. The divining rod, a history of water witching, with a bibliography, by A. J. 
Ellifl. 1917. 55 pp. 

Gives an outline of the history of the popular delusion known as ' 'water witching " and points 
out fallacies in so-called "mechanical water finders." Advises the public against expending 
money ' 'for the services of any water witch or for the use or purchase of an^ machine or instru- 
ment devised for locating underground water or other minerals." Lists numerous papers on 
the subject from 1532 to the present time. 

418. Mineral springs of Alaska, by G. A. Waring, with a chapter on the chemical 
character of some surface waters of Alaska, by R.B. Dole and A. A. Chambera 
1917. 114 pp., 9 pis. 

Describes hot springs in 48 localities, carbonated springs in 12 localities, and sulphur springs 
in 13 localities, also iron springs and salt springs. Discusses the chemical character of the waters 
of Yukon, Tanana, Lowe, Copper, Stikine, and other rivers. Contains 32 analyses of spring waters 
and 38 analyses of surface waters. Includes a map of Alaska showing the locations of 108 groups 
of mineral springs in relation to volcanoes. 

422. Ground water in Animas, Playas, Hachita, and San Luis basins, N. Mex.,. by 

A. T. Schwennesen (in press). 

Covers the southern part of Grant County. Describes the physiography and geology and the 
ground-water conditions In each basin with respect to the occurrence, depth, quantity, quality, 
artesian conditions, and Irrigation prospects. Gives well data, analyses of water, and analyses 
of the water-soluble contents of the soil. Contains a map of the area showing depths to the water 
table and other features. 

423. Geology and water resources of Big Smoky, Clayton, and Alkali Spring valleys, 

Nov., by 0. E. Meinzer. 1917. 167 pp., 15 pk 

Describes the physiography and geology with special reference to Quaternary events; gives 
data on precipitation, stream flow, seepage, springs, and wells; estimates intake and discharge 
of ground water; discusses criteria for recognizing shallow-water areas; discusses the quality of 
the water with reference to the geologic source of the valley fill, geographic provinces, and use 
describes public water supplies and discusses irrigation with ground water; contains analyses of 
water and of alkali in soil; includes maps showing Pleistocene lake features, depths to groond 
water, areas of ground water intake and discbaige, and locations of watering places. 



Digitized by 



Google 



BIBLIOGRAPHY. 29 

425. Contributions to the hydrology of the United States, 1917; N. C. Grover, chief 
hydraulic engineer. 1918. 

lasaed also in separate chapters. The followlxig papers relate to ground water: 

(a) Oroand water in San Simon Valley, Aris., by A. T. Schwennesen, with a chapter on 
agiicattiire by R. H. Forbes (pp. 1-35, Pis. X-III). Describes the physiography and geology of 
the valley , the upper water horizon, and the deeper artesian horizon of the San Simon and Bowie 
areas, the ground water in the Rodeo and Artesia valleys, and theirrigation suppUesfrom flowing 
and nonflowing wells; contains 39 analyses of welland spring waters, numerous records of deep 
wells and maps showing areas of artesian flow, depth to water table, and lands irrigated with 
weU water; also includes a chapter by R. H. Forbes on soil, vegetation, and agricultural 
prospects. 

(6) Ground water forirrigattonin Lodgepole VaUey, Wyo.-Nebr., by O. E. Melnier (pp. 37-60 
Fls. rV-VI). Describes the physiography and geology of Lodgepole ya^ey and the adjacent 
region and the water in the alluvial gravel and in the Tertiary and Cretaceous formations; dis- 
cusses irrigation with ground water; gives well data and analyses of 20 well waters and 2samples 
from Lodgepole Creek; contains maps showing the geology and the depths to the water table; 
also includes data on the cost of pumping for irrigation in western Nebraska, by H. C. Diesem, 
IT. S. Department of Agriculture. 

(d) Ground water in Reese River valley and adjacent parts of Humboldt River valley, Nov., 
by G. A. Waring (pp. »5-129, Pis., VII-XII). Describes the physiography, geology, ground- 
water conditions, and irrigation prospects. Contams well and spring data and analyses of 
ground waters. Includes a map showing the geology, shallow-water areas, and areas of artesian 
flow. 
I («) Ground water in Quincy Valley, Wash., by A. T. Schwennesen and O. E. Meincer (pp. 

131*158, PI. Xm-XIV). A preliminary report which outlines the physiognphio features, 
climate, and agricultural conditions of Quincy Valley and adjacent regions; describes the char- 
acter and distribution of the Yakmia basalt. Pleistocene lake beds, and Pleistocene outwasb 
gravels, and discusses quantity, quality , and head of water in each of these formations; discusses 
present and prospective Irrigation with ground water. Contains a sketch map showing contours 
ofthe water table. 

428. Artesian water in the vicinity of the Black Hills, S. Dak., by N. H. Darton 
(in press). 

Describes the geology and artesian-water conditions in areas covered in previous report^ 
but in the light of additional data. Discusses the artesian prospects of the Dakota, Minnelusa, 
and Deadwood sandstones. Contains a map showing the geology and the depths to the water- 
bearing sandstones. 

430. Surface water supply of Hawaii, July 1, 1913, to June 30, 1915; N. C. Grover, 
chief hydraulic engineer; G. K. Larrison, district engineer. 1917. 329 pp. 
Contains data on the discharge of springs, tunnels, and flowing wells on the Island of Oahu 
(pp. 2(»-2a7). 

446. Surface water supply of Hawaii, July 1, 1915, to June 30, 1916; N. C. Grover, 
chief hydrauUc engineer; G. K. LarriBon, district engineer. 1917. 224 pp. 
Contains discharge records for springs near Kallua, Oahu (pp. V^-W), and for TTnhftmf^ devel- 
opment tunnel, near Lahaina, Maui (pp. 166, 157). 

ANNUAL REPORTS. 

♦Fifth Annual Report (1883-84). 1886. 469 pp., 58 pis. $2.25. 

The following paper relates to ground water: 

*(A 5 c) The requisite and qualifying conditions ot artesian wells, by T. C. Chamhermi 
(pp. 125 to 173, PI. XXI). This is the first paper published by the United States Geological 
Survey on the subject of ground water. It is a clear, accurate, and oomprehensive statement 
of the conditions that produce artesian basins and give rise to flowing wells, and is ijBgarded as 
authoritative on the subject. 

♦Ninth Annual Report (1887-88). 1889. 717 pp., 88 pis. |2. 
The following paper relates to ground water: 

*(A 9 d) Formation of travertine and siliceous sinter by the vegetation of hot springs, by 
W. H. Weed (pp. 613-676, Pis. LXXVm-LXXXVU). Describes the Mammoth Hot Springs 
and other hot springs and geysers of Yeilowstone National Park, also hot springs in New Zea- 
land; gives analyses and discusses the chemical character of the waters from these springs and 
the deposits which they form. 

Eleventh Annual Report (1899-90). Part II. Irrigation. 1891. 395 pp., 30 pis. and 
maps. $1.25. 

*(A line) Includes a section on artefllan irrigation on the Great Plains (pp. 260-278), In 
which the limitations imposed by quantity, head, and oost are discussed, and irrigation by 
means of artesian wells in various countries is described. Records are giveji of wells in Kan- 
sas, Mimieeota, Montana, Nebraska, North Dakota, South Dakota, and T^xas. * 
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Thirteenth Annual Report (1891-92). Part III. Irrigation. 1893. 486 pp., 77 pis. 
$1.85. 

The following papers relate In part to ground water: 

♦(A 13 in a) Water supply for Irrigation, by F. H. Newell (pp. 7-W, Pis. CVHI-CX). In- 
cludes a brief discussion on "subsurface waters" (pp. 28-30), giving statistics on artesian wells 
and irrigation with well water in the United States in 1890, and oommenting aoeurately on 
quantity, occurrence, and discharge of wat«r In desert valleys. 

*(A 13 nib) American irrigation engineering, by H. M. Wilson (pp. 100-349, Pis. CXI- 
CXLVI). Includes a chapter on subsurface or ground waters with special referonoe to irriga- 
tion (pp. 328-346), In which are discussed artesian and pumped wells, underflow dams, infil- 
tration galleries, and subirrigation. 

Fourteenth Annual Report (1892-93). *Part II. Accompanying papers. 1893. 597 
pp., 73 pis. $2.10. 

The following papers relate to ground water: 

•(A 14 n a) Potable waters of the eastern United States, by W J McCJee (pp. 1 to 47). Dis- 
cusses cistern water, stream waters, and ground waters, including mineral springs and artesian 
wells. 

*(A 14 n b) Natural mineral waters of the United States, by A. C. Peale (pp. 49-88, Pis. 
Ill and IV). Discusses the history, origin, flow, classification, and geographic distribution of 
mineral and thermal springs, the chemical composition and analj^sls of spring waters, and the 
utilization of mineral waters. Gives a list of American mineral spring resorts. 

Sixteenth Annual Report (1894-95). *Part II. Papers of an economic character. 

1895. 598 pp., 43 pis. $1.25. 

The following papers relate in part to ground water: 

•(A 16 ne) The public lands and their water supply, by F. H. Newell (pp. 457-533, Pis. 
XXXV-XXXIX). Describes the public lands and the streams, wells, and reservoirs as 
sources of water supply; contains a brief but comprehensive and farsighted discussion of the 
ground-water resources of the West (pp. 49&-502); Includes brief notes on ground water in 
Arizona, California, Colorado, Idaho, Kansas, Nebraska, New Mexico, North Dakota, Okla- 
homa, Oregon, South Dakota, Texas, Utah, and Washington (pp. 504-533). 
• (A 16 n f) Water resources of a portion of the Great Plains, by Robert Hay (pp. 535-588. 

Pis. XL-XLII). Describes an indefinite area that lies on both sides of the east boundary of 
(Colorado and extends from the vicinity of Smoky Hill River northward to the North Platte, 
thus comprising parts of Colorado, Ncbraslca, and Kansas. Discusses the lakes, streams, and 
springs of the area, the underflow of the river bottoms, and the water-bearing strata beneath 
the higher lands, the source, quantity, and rate of percolation of ground water, the wells In 
the valleys and on the uplands, the unsuccessful wells, artesian conditions, ''blowing" wells 
' and the tempemtures of the well waters. Describes briefly the topography and geology of the 
region and the utilization of the wa^er supply. 

Seventeenth Annual Report (1895-06) . *Part 1 1 . Economic geology and hydrography. 

1896. 864 pp., 113 pis. $2.35. 

The following papers relate to ground water: 

(A 17 n f) The underground water of the Arkansas Valley in eastern Ck)lorado, by G. K. 
Gilbert (pp. 651-601, PLs. LVI-LXVIII). Relates to ai\indefinite region adjacent to Arkansas 
River, in southeastern Colorado. Describes the topography, geology, artesian conditions, and 
intake areas of the region, the water in the Dakota sandstone, in the upland sands, beneath 
the terraces, and in the dune sands, and the imderflow of rivers and creeks. Includes a sketch 
map showing the depths to artesian water. See also Professional Paper 52. 

(A 17 n g) Preliminary report on artesian waters of a portion of the Dakotas, by N. B. 
Darton (pp. 603-OM, Pis. LXIX-CVII). Covers the part of South Dakota lying east of the 
101st meridian and the part of North Dakota lying east of the 101 st meridian and sotth of the 
47th parallel. Gives an outline of the geologic relations, describes the water horizons and the 
extent of the artesian waters, gives detailed information by counties oonoeming wells and pros- 
pects for obtaining wells, dlscu.sscs the origin, quantity, head, and quality of the artesian 
waters and their use for developing x>owGr, gives data by counties regarding irrigation with 
artesian water and directions as to the construction and management of artesian wells. In- 
dude-s maps showing the areas of artesian flow supplied from the Dakota sandstone and 
from gladal drift, respectively, the height to which the artesian water will rise, the depths to 
principal artesian horizon of the Dakota sandstone, and contours of the surface of the bedrock. 

♦(A 17 n h) The water resourres of Illinois, by Frank I^verett (pp. 695-»<9, Pis. CVin- 
CXIII). Describes the topography, drauiage, precipitation, run-oflP, navigable rivers, water 
powers, wells supplying water for cities, villages, and niral districts, wells In alluvium, glacial 
drift, and Tertiary and Paleozoic formations, and flowing wells. Contains tabulated well data 
and water analyses, and includes maps of Illinois and etkstem Indiana showing the distnbutioo 
of Pleistocene deposits, the relation of glacial drift to groimd-water supplies, the elevation of the 
St. Peter sandstone, and areas in which there arc flowing wells supplied by glacial drift. Also 
contains a map of Wisconsin and northern Illinois showing the main intake areas of the "Pots- 
dam" and St. Peter sandstones. 
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Eighteenth Annufll Report (1896-97). *PajrtII. Papenchieflyof a theoietic nature. 
1897. 653 pp., 105 pis. $1.65. 

The following paper relates to g;round waten 

^A 18 n b) Geology of portions of the Edwards Plateau and Rio Orande Plain adjaoent to 
Austin and San Antonio, Tex., with special reference to the occuirenoe of artesian and other 
underground wateis, by R. T. Hill and T. W. Vaughan (pp. 198-322, Pis. XXI-LXIV.) De- 
scribes the geography, geology, watei^bearing formatians, springs, and flowing and nonflowing 
weDs. Discusses the artesian conditions, the probable identity of source of artesian and fissure- 
spring waters, and the quality of the artesian water. Contains water analyses and Includes a 
map of the vicinity of Austin showingthe relations of the springs and artesian wells to the geology. 

Eighteenth Annual Report (1896-97) . *Part IV. Hydrography. 1897. 756 pp. , 102 
pis. $1.75. 

The following papers relate to ground water: 

*(A 18 TV b) The water resources of Indiana and Ohio, by Frank Leverett (pp. 419-nSfiO, Pis. 
XXXni-XXXVII). Describes the drainage systems, the ground-water condltians, the flow- 
ing and nonflowing wells in glacial drift and rock formations, and the mineral springs. Contains 
numerous well records and water analyses. Gives data regardmg water supplies for dties and 
villages derived from surfaoe and underground sources. Includes maps of Indiana and Ohio 
showing the Pleistooene deposits, th^ older geologic formations, and the relation of ground- 
water supplies to the depth of the glacial drift 

*(A 18 lY o) New development in well boring and irrigation in eastem South Dakota, by 
K. H. Darton (pp. fidl-616, Pl<i. XXXVIII-XLVn). Describes the progress that was made in 
1896 in drilling wells and in irrigating with artesian waters in Aurora, Beadle, Bonhomme, Brule, 
Buffalo, Charles Mix, Davison, Douglas, Hanson, Hutchinson, Jerauld, Banbom, Spink, and 
Yankton counties, and in areas west of Missouri River. Discusses the temperature, press- 
ure, and flow of the artesian waters, the extent of the artesian basin, and the positian of the 
bedrock. Gives analyses of waters from Missouri River and from artesian wells In the Sanborn 
basin. Includes maps showing the rate of increase of temperature in wells with depth, coo- 
tours of the bedrock surface, and flow of wells. 

Nineteenth Annual Report (1897-98) . *Part II . Papers chiefly of a theoretic nature. 
1899. 958 pp., 172 pis. $2.65. 

The following papers relate to ground water: 

*(A 19 n b) Principles and conditions of the movements of ground water, by F. H. King 
(pp. 50-294, Pis. Vl-XVn). Dlscusaes the quantity of water stored in soil, in sandstone, and 
in other rooks, the depth to which ground water i)enetrates, the gravitational, thermal, and 
capillary movements of ground water, and the conflguration of the water table. Gives the 
results of tests made by the author and by earlier investigatorsDf the flow of air and water through 
rigid, porous media and through sands, sandstones, and silts. Summarizes these results and 
draws conchisions regarding the relation of velocity to pressure. Discusses also the influence 
of form, diameter, and arrangement of sand grains on velocity, the methods of determining 
diameters of sand grains, the growth of rivers, the rate of seepage into flltraticn ditches, the 
interference of wells, and related subjects. 

^A 19 D 0) Theoretical inTestigation of the motion of ground waters, by C. S. Sliohter 
(pp. 295-384, PI. XVU). A mathematical dlscussioci of the laws governing the movements of 
ground water, the discharge of flowing wells, and the mutual Interferenoe of wells. Includes a 
bibUography on the motion of ground watera and related topics. 

Nineteenth Annual Report (ia97-98). 'Part IV. Hydrography. 1898. 814 pp., 118 
pis. $1.85. 

The following papers relate to ground water: 

*(A 19 IV b) The rock waters of Ohio, by Edward Orton (pp. 633-717, Pis. LXXI-LXXm.) 
Describes the principal geologic formations of Ohio and the waters which they yield; gives 
detailed information regarding the water supplies of many cities and villages; discusses the 
flowing wells in various localities, including those in the pregladal channels of Allen, Auglaize, 
azid Mercer counties; and includes a number of water analyses. 

*(A 19 IV c) Preliminary report on the geology and water resources of Nebraska west of the 
103d meridian, by N. H. Darton (pp. 727-7S5, Pis. LXXXV-CXVUI). Desorlbes the general 
9BoIogy of Nebraska, and the topography, geology, and water horiions of the area covered by 
the reports. Gives information on springs, streams. Irrigation, climate, and timber, and of 
elevBtions of various points. Includes a general geologic map of Nebraska and more detailed 
maps of the portion of the State west of the 103d meridian, showing the geology and the ground- 
water oooditloDS. Reprinted as Protaslaoal Paper 17. 

561220— Ifr-wsp 427' 
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Twenty-first Annual Report ri89^1900). *Part IV. Hydrography. 1901. 768 pp., 
156 pis. $2.35. 

The fdlowing papers relate In part to groond water: 

*( A 21 iv a) R^ort of progress of stream measurements for the calendar year 1899, by F. H. 
Newell (pp. »-488, Pis. I-LVII). Inehides brief notes on ground-water supplies at Kearney, 
Nebr. (pp. 216-217), Alamosa, Colo. (p. 266and PI. IV, ii ), San Pedro Valley, Ails. (pp. 352-^ 
and PL XXXI, A), Mohave VaUey, Cal. (p. 472, and PI. Ln), Los Angelw River valley, CaL 
(p. 474), Lytle Creek valley, CoL (pp. 481-4S2), and Mission VaUey, CaL (p. 486). The plates 
referred to are photographs of flowing wells or other ground-water features. 

*( A 21 XV b) Preliminary description of the geology and water resources of the southern half 
of the Black Hills and adjoining regions in South Dakota and Wyoming, by N. H. Dartoo (pp. 
. 489-59(t Pis. LVIII-CXII). Covers an area comprishig about 6,500 square miles in southwestem 
South Dakota and the adjoining portion of Wyoming. Describes the topography, geology, 
water horizons, wells, surface waters, irrigation, soil, mineral resources, climate, and timber 
of the area. Includes maps showing the geology, the depths to the Dakota sandstone, and other 
ground-water conditions. 

*(A21nrc) The High Plains and their utilization, by W. D. Johnson (pp. 601-741, P1& 
CXHI-CLVI). Describes the area lying in an irregular belt about midway across the long 
eastward slope of the Great Plains and including parts of Wyoming, Nebraska, Colorado, Kan- 
sas, New Mexico, and Texas. Gives a comprehensive description of the physiographic Coatures 
and Tertiary deposits of the region and a critical discussion of their fnterpretatJon. Discusses 
precipitation, climate, and the use of streams and storm waters for irrigation. Describes the 
artesian conditions, with spoclal reference to the Meade artesian basin, and explains the princi- 
ples of artesian and other ground waters. Concluded in the Twenty«flecond Annual Report, 

pt. nr. 

Twenty-first Annual Report (1899-1900). *Part VII. Geography and geology of the 
Black and Grand prairies, Tex., with detailed descriptions of the OretaceouB 
formations and special reference to artesian waters, by R. T. Hill. 1901. 
666 pp., 71 pis. $1.90. 

Gives a general description of the geography of a region including Texas, Oklahoma, and 
New Mexico east of the Rio Grande, and describes in more detail the geography and geology 
of the Black and Grand prairies. Discusses the principles governing artesian and other ground 
waters, the artesian systems of Texas, and the quality of the waters of these systems. Describes 
the artesian conditions by counties and gives analyses. Includes maps showing the gedlogy, 
the locations of artesian wells, and the outcrop of, depths to, and areas pf artesian flow firom 
the Trinity, Paluxy, and Woodbine formations. 

Twenty-second Annual Report (1900-1901). Part IV. Hydrography. 1902. 690 pp., 
65 pis. 12.20. 

The following paper relates to ground water: 

*(A 22 IV c). The High Plains and tbolr utilization, by W. D. Johnson (pp. 031-4SOO, Pis. 
LI-LX V). This is the concluding part of the paper on the High Plains and their atlUiation 
begun in the Twenty-first Annual Report, Part IV. It discusses the occurrence of water, 
consolidated and unconsolidated formations, the origin and level of the ground water of the 
High Plains, the utilization of ground water for stock raising and irrigation, and methods of 
constructing wells. 

HONOGBAPHS. 

25. The glacial Lake Agaasiz, by Warren Upham. 1896. 658 pp., 38 pis. $1.70. 
Contains a chapter (pp. 523-582) on "Artesian and common wells of the Red River VaUey," 
which discusses the sources of artesian water, the fresh waters in the drift sheets, the saline 
and alkaline waters in the Dakota sandstone, and the use of artesian water for irrigation; con- 
tains analyses of waters trom wells, streams, and lakes in Red River Valley and the adjoining 
region; and gives notes on wells in Clay, Kittmn, Marshall, Norman, Polk, Traverse, and 
Wilkin counties, in Minnesota: In Cass, Grand Forks, Pembina, Richland, Traill, and Walsh 
counties, in Korth Dakota; and in a part of the area covered by La]^e Agassiz, in Manitoba. 
The monograph includes numerous maps relating to the Pleistocene geobgy of the region and 
a map (Fl. XXXVII) showing the distribution and depths of artesian wells in g^adal drift 
and bedrock. 
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27. G«ology of the DenTer Bamn in Golondo, by S. F. Emmons, Whitman GroflB, 
and G. H. Eldridge. 1896. 556 pp./ 31 pis. $1.50. 

Contains a diacuasion of the water In the Fleistooene deposits (pp. 372, 37S) and a section on 
artesian nells (pp. 401-465^. Disonsses the history of artesian-waier developments in (Colorado, 
the water-bearfaig horizons, the artesian structure, the quantity of artesian water, and the 
yield and decraase in yield of flowing wells. I ncl u des three analyses of well waters and maps 
showing the geology of the region and the original area of artesian flow. 

38. The Illinois glacial lobe, by Frank Leverett. 1899. 817 pp., 24 pis. $1.60. 

Indudos a chapter (pp. 650-788) on "TVells of Illinois/' which contains a general discussion 
of artesian and other wells, a table of miuildpal water supplies derived firom underground 
'sources, and a detailed description of wells and ground-water conditions In practically every 
county in the State. The monograph includes maps showing the geology, the distribution 
of wells, the Intake areas of "Potsdam" and St. Feter sandstones, and the relation of glacial 
drift to ground-water supplies. 

M7. A treatise on metamorphism, by C. R. Van Hise. 1904. 1286 pp., 13 pis. 

This comprehensive treatise deals in much detail with the chemical and physical laws gov* 
emlng ground water, especially in the following sections: <' Chemical and physical principles 
controlling the action of ground water" (pp. 65-123), ''Circulation and work of ground water" 
(pp. 13^158), '<The belt of weathertaig" (pp. 411-430), "The belt of cementatkm" (pp. 6«G- 
594), and ** Work of aqueous solutions In segregating ores" (pp. 1073-1196). 

PBOFBSSIONAX PAPE&S. 

*17. Preliminary report on the geology and water resources of Nebraska west of the 
103d meridian, by N. H. Darton. 1903. 69 pp., 43 pis. 25c. 

Reprint of a paper In the Nineteenth Annual Report, Part IV, with slight changes. 

*32. Preliminary report on the geology and underground-water resources of the 
central Great Plains, by N. H. Darton. 1905. 433 pp., 72 pis. $1.80. 

Covers South Dakota, Nebraska, central and western Kansas, eastern Colorado, and eastern 
Wyoming. Describes the geography, geology, and water horizons; gives deep-well data and 
weU p ro sp ects by counties; also describes other mineral resources. Includes maps showing 
the geobgy, locations of deep wells, structure of the Dakota sandstone, depths to this sand- 
stone, head of artesian water, and areas of artesian flow. 

♦44. Underground-water resources of Long Island, N. Y., by A. C. Veatch, C. 8. 
Slichter, Isaiah Bowman, W. O. Crosby, and R. E. Horton. 1906. 394 
pp., 34 pis. $1.25. 

Describes the geologic formations, the source and occurrence of ground water, and the con- 
ditions necessary to obtain flowing wells; gives data in regard to the springs, streams, ponds, 
lakes, artesian and other deep wells, the water table and its fluctuations, blowing wells, and 
waterworks; contains records of the rate of movement of the ground water and results of sizing 
and flltratk>n tests; gives well records and notes concerning representative wells. Includes 
water analyses and maps showing ttm gsology, couRnin of the watisr table, and knattons of 
wells and waterworks. 

*46. Geology and underground-water resources of northern Louisiana and southern 
Arkansas, by A. 0. Veatch. 1906. 422 pp., 51 pis. $1.50. 

Covers Louisiana north of the 31st parallel, about the southern half of Arkansas, and adjacent 
areas in Texas, Oklahoma, and Mississippi. Describes the physiography and geology of the 
region, the principles governing ground waten and their application to this region, the water- 
bearing formations with reference to springs and to the artesian pressure, quality, and avail- 
ability of the water, the occurrence of mineral waters, the hygienic value of deep-well waters, 
and methods and costs of constructing wells. Contains a description of the ground-watercon- 
dltions In each county and tables of well data arranged by counties, with notes giving well 
sections and water analyses. Contains also a dictionary of altitudes, arranged by coimtles. 
Includes maps showing the geology of the region, the structure contours of the Naoatocfa and 
Bingen formations, areas of artesian flow supplied by these formations, depths to the Sabine 
and Gboikfleld sands, and areas of artesian flow supplied by thesf^ sands. 
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*51. Geology of the Bighorn Mountains, by N. H. Darton. 1906. 129 pp., 47 pla. 

Describes the geology of the region in detail and contains a brief discussion (pp. 119 and 120) 
of the probable depths and water-bearJng conditions of the principal sandstones. Includes a 
geologic map. 

*52. Geology and underground waters of the Arkansas Valley in eastern Colorado, by 
N. H. Darton. 1906. 90 pp., 28 pis. 

Describes the geology of the greater part of the drahiage basin of Arkansas River in Colorado, 
the source, depths, head, areas of artesian flow, quantity, and quality of the water in the Dakota 
sandstone, and the occurrence and quality of the waters in the Red Beds, Morrison formation, 
Laramie and associated formations, later Tertiary deposits, and dune sands. Includes numerous 
well sections, several water analyses, and maps showing the geology, depths to Dakota sand- 
stone, areas of artesian flow, and areas not underlain by Dakota sandstone. A preliminary 
report on the same region, by O. K. Gilbert, was published in the Seventeenth Annual Report, 
part 2, 1896, pp. 1-51. 

*53. Geology and water resources of the Bighorn Basin, Wyo., by C. A. Fisher. 1907. 
72 pp., 16 pis. 

Describes the geography, geology, water-bearing formations, irrigation developments, minaral 
waters, and other mineral resources of the basin. Includes a geologic map. 

*56. Geography and geology of a portion of southwestern Wyoming, with special 
reference to coal and oil, by A. C. Veatch. 1907. 178 pp., 26 pis. 60c. 

Covers the southwest comer of Wyoming and a small adjacent portion of Utah. Gives a 
detailed description of the gedlogy and a brief discussion of the water-bearing fomutions. 
Includes a geologic map with structure contours. 

*65. Geology and water resources of the northern portion of the Black Hills and adjoin- 
ing regions in South Dakota and Wyoming, by N. H. Darton. 1909. 105 
pp., 24 pis. 40c. 

Describes the geology of the sedimentary rocks and discusses their mineral resooroes, includ- 
ing their water supplies. Contains also informatton oonoeming the timber, climate, and surlaoe 
waters available for irrigation and stock raising. Includes maps showing the geotogy, outcrops 
of and depths to prhicipal water-bearing formations, and areas of artesian flow. 

*90. Shorter contributions to general geology, 1914; David White, chief geologist. 

1915. 199 pp., 21 pis. 40c. 

Issued also in separate chapters. The following paper relates in part to ground water: 
(h) A deep well at Charleston, S.^C, by L. W. Stephenson, with a report on the mineralogy 
of the water, by Chase Palmer (pprfi&-94). 

94 . Economic geology ofXjilpin County and adjacent parts of Clear Creek and Boulder 

counties, Colo., by E. S. Bastin and J. M. Hill. 1917. 379 pp., 23 pis. 

Dlscosses, on pages 134 to 152, the relation of ground water to ore deposition, especially the 
relation of the water table to the downward enrichment of gold, silver, and copper ores. Con- 
tains, however, almost no data regarding ground water. 

95. Shorter contributions to general geology, 1915; David White, chief geologist. 

1916. 120 pp., 7 pis. 20c. 

Issued also in separate chapters. The following paper relates in part to ground water: 
*(a) The composition of muds from Columbus Marsh, Nev., by W. B. Hides (pp. 1-11). 
aives data in regard to shallow wells on Columbus Marsh. 

BT7LLETINS. 

*32. Ldst0 and analyses of the mineral springs of the United States (a preliminary 
study), by A. C. Peale. 1886. 235 pp. 

Defines nUneral waters, gives lists of springs by States, and contains 819 analyses of spring 
waters. 

*47. Ajialyses of waters of the Yellowstone National Park, with an account of the 
methods of analysis employed, by F. A. Gooch and J. E. Whitfield. 1888. 
84 pp. 

Describes methods used in analysing natural waters and contains analyses of 48 geyser, sprixig, 
and surface waters in Yellowstone National Park. 
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*10i. A geological reconnaissance in central Washington, by I. 0. Russell. 1893. 
108 pp., 12 pis. 15c. 

Describes the main geologic features of a region lying approximately between the llMh and 
121st meridians and between the 46th and 48th parallels. Gives conclusions regarding prospects 
for artesian wells and includes a sketch geologic map. This bulletin is tugely superaeded by 
Water-Supply Papers 55, 118, and 316. 

•131. Report of progress of the division of hydrography for the calendar years 1893 
and 1894, by F. H. Newell. 1895. 126 pp. 15c. 

Gives the discharge of Barton Spring, near Austin, Tex., as 17 second-feet on November 
13, 1894 (p. 02). Gontafais records of wells collected by Robert Hay in Nebraska, Colorado, and 
Kansas (pp. 92-126). 

*138. Artesian-well prospects in the Atlantic Coastal Plain region, by N. H. Darton. 
1896. 232 pp., 19 pis. . 

Describes briefly the geologic structure and the gzxiund-water conditions in the Atlantic 
CkMistal Plain. Ckivers the Coastal Plain areas of New York, New Jersey, Delaware, Maryland, 
District of Columbia, Virginia, North Carolhia, South Carolina, and eastern Georgia, giving 
for each of these States a discussion of the geologic relations and well prospects, tabulated data 
regarding deep wells, and notes giving well sections, water analyses, and other detailed informa- 
tion not found in the tables. Includes maps and sections showing ground-water conditions. 

•140. Report of progress of the division of hydrography for 1895, by F. H. Newell. 
1896. 356 pp. 25c. 

Gives descriptions and discharge records for the following springs in Texas: San Marcos 
Spring, San Antonio and San Pedro springs. Las Moras Spring, San Felipe Springs, and Barton 
Springs (pp. 83-86). Contains data on seepage and evaporation in Nebraska and Kansas 
(pp. 347-350). 

*164. Reconnaiasance in the Rio Grande *coal fields of Texas, by T. W. Vaughan. 
1900. 100 pp., 11 pis. 20c. 

(Contains brief notes on artesian wells in the vicinities of Eagle Pass and Carrlto springs. 
See especially pp. 25, 50-^. 

*199. Geology and water resources of the Snake River Plains of Idaho, by I. C. 
Russell. 1902. 192 pp. , 25 pis. 25c. 

Gives a general sketch of the geography and geology of an indefinite region in Idaho adjacent 
to Snake River. Discusses artesian and other ground-water conditions and includes a meager 
amount of well data. 

*227. The United States Geological Survey, its origin, development, organization, 
and operations. 1904. 205 pp., 9 pis. 25c. 

Includes a brief account (pp. 84-88) of the Division of Hydrology (ground water) and of the 
investigations relating to ground water made by the United States Geological Survey prior 
to 1904. 

*238. Economic geology of the lola quadrangle, Eans., by G. I. Adams, Erasmus 
Haworth, and W. R. Crane. 1904. 83 pp., 11 pis. 25c. 

Describes the geology and contains a geologic map of the quadrangle. Discusses briefly the 
water-bearing formations and the quality of their waters <p. 77). 

252. Preliminary report on the geology and water resources of central Oregon, by 
I. C. Russell. 1905. 138 pp., 24 pis. 15c. 

Covers an indefinite region that lies partly in the Great Basin and partly in the basin of 
Deschutes Kiver, and includes portions of Malheur, Harney, and Crook counties. Describes 
the geography and geology of the region, gives meager data regarding the surface and ground 
waters, discusses briefly the artesian conditions in the Deschutes basin, and makes suggestion 
concemingjecords of artesian wells. 

*264. Record of deep-well drilling for 1904, by M. L. Puller, E. F. Lines, and A. C. 
Veatch. 1905. 106 pp. 10c. 

Discusses the importance of accurate well records to drillers, to owners of oil, gas, and 
water wells, and to geologists. Describes methods of work. Gives tabulated records of wells 
in 39 States and Territories, and detailed records of wells in California, Colorado, Illinois, Iowa, 
Kansas, Mississippi, Missouri, New Jersey. New York, Ohio, Pennsylvania, Texas, and West 
Virginia. 
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265. Qeology of the Boulder district, Colo., by N. M. Fenneman. 1905. 101 pp., 
5 pis. 15c. 

Describes the geology of a rectangular area 16 miles north and south by 9 miles east and west, 
in the southwestern part of which is situated the city of Boulder. DiscusBes briefly (pp. 07--6e) 
the flowing wells and water-bearing formations, including the Dakota sandstone. Contains 
a geologic map of the area. 

*282. Oil fields of the Texas-Louiaiaiia Gulf CkMstal Plain, by N. M. Fenneman. 
1906. 146 pp., 11 pis. 

Indudes well records and discussions of phenomena related to wells, drilling methods, and 
movements, temperatures, and salinity of ground waters. 

^*285. €k>ntributio]]S to economic geology, 1905; S. F. Emmons and E. 0. Eckel, 
geologists in chaige. 1906. 506 pp., 13 pis. 

Issued also in separate chapters. The following paper contains information on ground water: 
*(/) Coal and oil in southern Uinta County, Wyo., by A. C. Veatch (pp. 331-^53, Pis. X- 
xn). Describes the geology of an area that occupies Tpe. 12 to 23 N., Rs. lift to 1^1 W., inclu- 
sive, in Uinta County, Wyo. Contains a geologic map and a brief statement in regard to artesian 
oonditians and prospects (p. 353). This area Is covered more fuUy in Profeesional Paper 66. 

*298. Record of deep-well drilling for 1905, by M. L. Fuller and Samuel Sanford. 
1906. 299 pp. 25c. 

Gives an account of p rogres s in the ooUection of weU records and samples. Contains tab- 
ulated records of wells in 48 States and Territories and detailed records of wells in Alabama, 
Arixona, Arkansas, California, Colorado, Delaware, Florida, Georgia, nUnois, Indiana, Indian 
Territory, Iowa, Kansas, Kentucky, ICaine, Maryland, Massachusetts, Minnesota, Mississippi, 
Missouri, Montana, New Jersey, New l^xico. New York, North Carolina, Ohio, Oklahoma, 
Pennsylvania, South Carolina, South Dakota, Texas, Utah, Washington, West Virginia, and 
Wisconsin. 

*300. Economic geology of the Amity quadrangle, eastern Washington County, Pa., 
by F. G. Clapp. 1907. 145 pp., 8 pis. 30c. 

Contains a description of the geology of the quadrangle and a map showing outcrops and 
structure. Includes brief statements on water supplies and water>bearlng formations (pp. 
130-134). The quadrangle is covered more fully in Geologic Folio 144, which also contains 
information on ground water. 

*308. A geologic reconnaissance in southwestern Nevada iuid eastern Oalifomia, by 
S.H.Bali. 1907. 218 pp., 3 pis. 40c. 

Contains a brief section on "Hydrology," which discusses streams, springs, tanks, wolls, 
and signs of water (pp. 18-23). Contains descriptions of specific areas which give detailed infor- 
mation regarding springs, wcUs, and other watering places. Includes a geologic map that also 
shows watering places and connecting roads. 

*319. Summary of the controlling factors of artesian flows, by Myron L. Fuller. 1908. 
44 pp., 7 pis. 10c. 

Describes underground reservoirs, the sources of ground water, the confining agents, the 
primary and modifying factors of artesian circulation, the essential and modifying factors of 
artesian flow, and typical artesian systems. 

♦330. The data of geochemistry, by F. W. Clarke. 1908. 716 pp. 
Superseded by Bulletin 616. 

♦350. Geology of the Rangely oil district, Rio Blanco County, Colo., with a section 
on the water supply, by H. S. Gale. 1908. 61 pp., 4 pis. 20c. 

Describes the geology and contains a geologic map of an area including approximately 
Tps. 1, 2, and 3 N., Rs. 101, 108, and 108 W., 6th principal meridian. Disoussas the water 
supplies In this area, including artesian wells (p. 68). 
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*^. Geologic recoBimiaBance of a part of western Arizona, by W. T. Lee, with 
notes on the igneoiis rocks of western Arizona, by Albert Johannsen. 1908. 
99 pp., II pis. 25c. 

Describes the geography and geology and contains a geologic sketch map of western Ariuma 
north of longitude 33* 30", Including the valley of Colorado River and Hualpal, Big Sandy, 
I>etrital-Sacramen#o, Williams, and McMullen valleys. Contains a sec^on on water supplies, 
which includes well data and discussion of ground-water prospects. 

364. Geology and mineral resources of the Laramie Basin, Wyo. (a preliminary 
report), by N. H. Darton and C.E. Siebenthal. 190^. 81 pp., 8 pis. 20c. 

Describes the geology and contains a geologio map. Includes a section onground water 
(pp. 07-78), in which are given well data and 6 water analyses. A part of the area is covered 
by Geologic Folio 173, which also contahis information on ground water. 

395. Radioactivity of the thennal waters of Yellowstone National Park, by Henxian 
Schlundt and R. B. Moore. 1909. 35 pp., 4 pis. 10c. 

Describes the apparatus and methods used and presents and discusses the results of the 
experiments. 

435. A reconnaissance of parts of northwestern New Mexico and northern Arizona, 
by N. H. Darton. 1910. 88 pp., 17 pis. 35c. 

Describes the geolo^ and contains a geologic map of the region. luchides data in regard to 
wells at 24 stations on the Atchison, Topeka 6i Santa Fe R. B. (pp. 7&-81). 

438. Geology and mineral resources of the St. Louis quadrangle, Mo.-IU., by N. M. 
Fenneman. 1911. 73 pp., 6 pis. 25c. 

Describes the geology and contains a geologic map of a rectangular area 31 miles east and west 
by 17 miles north and south, including the city of St. Louis. Discusses the water resources, 
including springs, flowing wells, and deep wells ending in Carbomferous and Ordovidan forma- 
tions (pp. 05-60). The part of this area that lies in Illinois is also covered by BulletM 5 of the 
Illinois Geographical Survey. (See 8 3.) 

447. Mineral resources of Johnstown, Pa., and vicinity, by W. C. Phalen and Law- 
rence Martin. 1911. 142 pp., 7 pla. 25c. 

Describes the geology and contains a map of the Johnstown quadrangle showing structure 
contours. Includes a very brief description of water supplies and ground-water conditions (pp. 
13&-137), which is reprinted in Qeologic folio 174, ooverhig the same quadrangle. 

•471. Contributions to economic geology, 1910, Part II, Mineral fuels; M. R. Camp- 
bell, geologist in charge. 1912. 663 pp., 62 pis. $1.05. 

Issued also m separate chapters. The following paper contains information on ground water: 
•(fl) The Powder Rivtr oil field, Wyo., by C. H. Wegemann (pp. 6ft-76). Describes the 

geology and contains a geologic map of a quadrangular area which inchides Tps. 40-42 N., R. 

SI W., and portions of adjoining townships. Contains brief notes on water supplies, including 

water-bearing formations (pp. 58, 60). 

•479. The geochemical interpretation of water analysee, by Chase Palmer. 1911. 
31pp. 6c. , 

Discusses the expression of chemical analyses and the chemical character and properties of 
natural waters. Gives a classification of waters based on property values and reacting values, 
and discosses the character of the waten of certain rivers as interpreted from the analyses. Dis- 
cusses also the relation of the properties of water to geologic formations, silica in river water, and 
the character of the water of ICississippi River, the Great Lakes, and St. lAwrence River as indi- 
cated by chemical analyses. 

491. The data of geochemistry (second edition) by F. W. Clarke, 1911. 782 pp. 
Superseded by Bulletin 616. . 

606. Geology and mineral resources of the Peoria quadrangle, 111., by J. A. Udden. 
1912. 103 pp., 9 pis. 26c. 

Describes the physiognphy and geology of a l5-mlnate quadrangle that includes the cities 
of Peoria and Pekin. Contains detailed wellreoords and a section on water resources, in which 
are discussed the water-bearing formations, aod the quality, quantity, head, tomperatura, and 
use of the artesian waters (pp. 90-07). Includes 8 chemical analyses and maps showing the 
geology and locations of artesian wells. 
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^29. The enrichment of sulphide ores, by W. H. Emmons. 1913. 260 pp. 2<k*. 

Contains a section on underground circulatk>n(pp. 26-3l),ln which are discussed the " -vadoee" 
and deeper circulation and the region of nearly stagnant waters. Contains also 37 analyses of 
mine waters with discussion (pp. 60-74) and a discussion of chemical changes in descending 
sulphate waters (pp. 89-01) and related subjects. See also Bulletin 025. 

*530. Contributio&8 to economic geology, 1911, Part I, Metals^ and nonmetals except 
fuels; Waldemar Lindgren, chief geologist. 1913. 400 pp., 7 pis. 30c. 

Issued also in separate chapters. The following papers relate in pert to ground water: 
*(b) The occurivnoe of potash salts in the bitterns of the eastern Unites States, by W. C. 

Phalen (pp. 313-339). Includes brief statements in regard to the stratigraphic occurrence and 

origin of salt water in New York, Michigan, Ohio, West Virginia, Kansas, and Louisiana; also 

contains analyses. 

(r) Salhies in Silver Peak Marsh, Nov., by R. B. Dole (pp. 330-345). Includes records of 14 

borings, 8 to 55 feet deep, a description of methods used in boring, and analyses of water from 

these holes and from wells and springs in the vicinity. 

*531. CJontributions to economic geology, 1911, Part II, Mineral fuels; M. R. Camp- 
bell, geologist in charge. 1913. 361 pp., 24 pis. 45c. 

Issued also in separate chapters. The following papers contain information on ground water. 

*(c) Geology and petroleum resources of the De Beque oil field, Cok>., by £. O. Woodruff (pp. 
54-<)8, Fl. VI). Contains a description of the geology and a geologic map of a square area covering 
Tps. 7 and 8 S., Rs. 97 and 98 W., in the vicinity of De Beque, in Mesa and Garfield counties. 
Includes a brief statement on artesian water in the area (p. 61). 

*(d) Cfoologic structure of the Punxsutawney, Curwensville, Houtsdale, BamesborOf and 
Patton quadrangles, central Pennsylvania, by G. H. Ashley, and M. R. (Campbell (pp. 6^89, 
Pis. VII-VIII). Discusses the geologic structure of the five quadrangles named and includes a 
map showing structure contours. It contains a brief statement in regard to shallow and deep 
wells and artesian prospects (pp. 88-89). The ground water in the Bameslwro and Patton quad- 
rangles is also briefly described in Geologic Folio 189, and the ground water in these two quad- 
rangles and in the CiuwensvlUe quadrangle is briefly described in Water Supply Paper 110. 

•540. Contributions to economic geology, 1912, Part I, Metals and nonmetals except 
fuels; David White, chief geologist. 1914. 563 pp., 11 pis. 45c. 

Issued also in separate chapters. The following papers contain information on ground water: 

*(n) Prospecting for potash in Death Valley, (Sal., by H. S. Gale (pp. 407-415). Includes 
detailed sections of five wells, 30 to 70 feet deep, with data in regard to their waters, practically 
all of which are salty, as is shown by the analjrses given. 

Potash tests at Columbus Marsh, Nev., by H. S. Gale (pp. 422-427). Includes detafled 
sections of two wells, 32 and 82 feet deep, respectively, with data in regard to their waters, some 
of which are not salty. 

*ip) Potash in western saline deposits, by J. H. Hanoe (pp. 457-469). Gives total solids in 
waters from various wells and springs in the drainage basins of Railroad Valley, Fourmfle Flat, 
and Dixie Salt Marsh, in Nevada, and the record of a 305-fc)ot well at Adamana, Ariz. 

•541. Contributions to economic geology, 1912, Part II, Mineral fuels; M. R. Camp- 
bell, geologist in charge. 1914. 532 pp., 29 pis. 50c. 

Issued also in separate chapters. The following xMiper contains information on ground water 

(d) Oil and gas near Green River, Grand Coimty, Utah, by C. T. Lupton' (pp. 115-133, PL 

VI). Describes the geology and contains a geologic map of an area of about 300 square mite 

southeast of the town of Green River. Contains meager data in regard to wells, water supplies, 

and artesian conditions (pp. 117-123). 

*543. Qeology and geography of a portion of Lincoln County, Wyo. , by A. R. Schultz. 
1914. 141 pp., 11 pis. 50c. 

Describes the geology and contains a geologic map of an area in the central part of T^nroln 
County, between Green River and the Salt River Range (Tps. 22-39 N., Rs. 113-117 W.). 
Includes a brief discussion of ground water and artesian prospects (pp. 134, 135). 

575. Geology of the Standing Rock and Cheyenne River Indian reservations, 
North and South Dakota, by W. R. Calvert, A. L. Beekly, V. H. Bamett, 
and M. A. Pishel. 1914. 49 pp., 8 pis. 15c. 

Covers aja. area lying west of Missouri River, north of C^ieyenne River, and south of Can- 
mmball River, and extending westward to 102d meridian. Describes the geology and con- 
tains a geologic map of the area. Includes a brief discussion of the water in the Dakota and 
Fox Hills sandstones and in other formations (pp. 24-25). 
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*562. l^eral depoftits of the Santa Rita and Patagonia mountains, Ariz., by F. 0. 
Schrader, with contribntionB by J. M. Hill. 1915. 373 pp., 2^ pla. 50c. 

• InchidflS a brief statement in regard to water supplies from both surface and underground 
sources (pp. 3G4>367). 

606. Origin of the zinc and lead deposits of the Joplin region, Missouri, Kansas, and 
Oklahoma, by C. E. Siebenthal. 1915. 283 pp., 11 pis. 25c. 

A theoretical treatise which relates to underground circulation in the Ocark region. Dis- 
cusses artesian circulation and flowing wells (pp. 33-37), geochemlcal interpretation of water 
analyses, and acidity, neutrality, and alkalinity of natural waters (pp. 81-88). Reviews, dis- 
cusses; and classifies analyses of sine-bearing and related waters from various parts of the 
United States and from foreign countries (pp. 88-155). 

616. The data of geochemistry (third edition), by F. W. Clarke. 1915. 821 pp. 
45c. 

EarUer editions were pubUshed as Bulletins 330 and 401. Contains a discussion of the state- 
ment and interpretation of water analyses, and a chapter on "Mineral wells and springs" (pp. 
17&-216). Discusses the defhiition and classiflcation of mineral waters, changes in the com- 
position of water, deposits of calcareous, ocherous, and siliceous materials made by water, 
vadose and juvenile waters, and thermal springs in relation to voloanism. Describes the dif- 
ferent kinds of ground water and gives typical analyses. Includes a brief bibliography of 
papers containing water analyses. 

618. Greology and underground water of Luna County, N. Mex., by N. H. Darton. 
1916. 188 pp., 13 pis. 

Describes the geography and geology, the mineral resources, the water supplies from 
streams, springs, and wells, and the irrigation development from surface and ground waters. 
Discusses the source, quantity, and quality of the ground waters and the extent of the water- 
bearing strata and gives well data by townships. Includes maps showing the geology, the 
contours of the water table, and the depths to ground water. 

*621. Contributions to economic geology, 1915, Part II, Mineral fuels; M. R. Camp- 
bell and David White, geologists in charge. 1916. 375 pp., 25 pis. 60c. 

Issued also in separate chapters. The following chaptera contain information on ground 
water: 

*(0 A reconnaissance in Palo Pinto County, Tex., with special reference to oil and gas, by 
C. H. Wegemann (pp. 51-59). Gives a brief description of the geology of the county with a 
note on the prospects of obtaining water of good quality from deep sources. 

♦(0 Oil and gas near Baiin, Big Horn County, Wyo., by C. T. Lupton (pp. 167*190, PL 
XVII). Describes the geology and contains a geologic map of parts of Tps. 50-62 N., Rs. 02 
and 93 W. Includes a briefdescription of the water supplies and of the water-bearing sand with 
a table giving percentages of oil and gas wells that obtained water in eachx>f these sand strata 
(pp. 164-166). It also includes well records that contain some data In regard to water (pp. 
186-180). 

625. The enrichment of ore deposits, by W. H. Emmons. 1917. 530 pp., 7 pis. 
This paper is a revision of Bulletin 529 with a somewhat enlarged scope. 

627. The ligplle field of northwestern South Dakota, by D. E. Winchester, C. J. 

Hares, E. R. Lloyd, and E. M. Parks. 1916. 169 pp., 11 pis. 25c. 

Describes the geology and contains geologic maps of Harding and Perldns counties. D^ 
scribes the drainage and water supply and contains a small amount of data on deep wells not 
given 1 n Water-Supply Paper 227. 

628. Geology and coal resources of Castle Valley, in Carbon, Emery, and Sevier 

counties, Utah, by C. T. Lupton. 1916. 88 pp., 12 pis. 20c. 

Describes the geology and contains a geologic map of an area lying between the Wasatefa 
Plateau and the San Rafael Swell, In east-central Utah, and extending from the vicinity of 
Mounds, on the Denver & Rio ^Grande Railroad, southwestward about 80 miles. Describes 
the drainage and water resources,including the prospects of finding water i n theDakota sand- 
stone and underlying HoElmo fonnation. 
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641. GontributioDs to economic geolo^, 1916, Partlls Minenl fuels; David White, 
G. H. Ashley, and M. R. Campbell, geologists in chaige. 

Issued abo In sepante oluipten. The following ohapten oootain Inforniatlon on ground 
water: 

(6) The oil and gas geology of the Foraker quadrangle, Osage County, Okla., by K, C. Heald 
(pp. 17-48, Pis. Il-m). Contains, on page 20, a brief statement In tegard to ground-water 
oondltions. 

(0 AntloUnes in oential Wyoming* by C. J. Hans (pp. 23»-280, PI. XXm). Coven 
nearly 5,000 square miles in Natrona and Fremont oounties, west of Casper and southeast of 
Lander. Contains, on pages 235 and 286, a brief dlsouasion of the water supply, including state- 
ments regarding various hot springs, springs of large siie, sulphur springs, and other mineral 
springs, also a statement regarding water-bearing formations and artesian prospects. Includes 
a geologic map. 

647. The Bull Mountain coal fields, Musselshell and Yellowstone counties, Mont., 
by L. H. Woolsey, R. W. Richards, and C. T. Lupton. 1917. 218 pp., 
36 pis. 

Gives detailed data regarding water supplies, including ground water, for the following 
townships: Tps. 5-8 N., R. 24 E.; Tps. 5-8 N., R. 25 £.; Tps. 5-8 N., R. 26 E.; Tpa. fr-0 N., 
R. 27 E.; Tps. 5-0 N., R. 28 S.; Tps. 5-8 N., R. 29 E.; Tps. 5-0 N., R. 80 E.; Tps. &-• N., R. 
31£.;T.8N.,R.32E. See pages 16, 17, 65-214. 

653. Chemical relations of the oil-field waters in San Joaquin Valley, Gal., by 
G. S. Rogers. 1917. 119 pp. 

Discusses water-bearing sands and dry sands in oil fields, the origin of salt water, and the 
relation of salt water to the occurrence of oil and to geologic structure in oil fields. Classifies 
the oil-field waters and gives the distribution of their principal constituents. Discusses the 
chemical relation between water and the hydrocarbons and the significance of water analyses 
in prospecting for oil. Qives 80 analyses of ground waters in the Coalinga, Kern River, Lost 
Hills, McElttrick, Midway, and Simset oil fields, Cal. 

656. Anticlines in the southern part of the Big Horn Basin, Wyo., a preliminary 
report on the occurrence of oil, by D. F. Hewett and C. T. Lupton. 1917. 
192 pp., 32 pis. 

Covers a large region in northwestern Wyoming, west of the Big Horn Mountains. Gives 
detailed data regarding surlaoe waters, springs, wells, and ground-water prospects in the numer- 
ous anticlinal areas described in the report. Bee pages 15, 16, 55-188. Includes a geologic map 
and section. 

658. Geologic structure in the Cushing oil and gas field, Okla., and its relation to the 
oil, gas, and water, by C. H. Beal. 1917. 64 pp., 11 pis. 

Discusses, on pp. 39, 44-61, the relation of ground water to bodies of oil and gasand to oil and 
gas bearing structures. Distinguishes "top water," "bottom water," and "edge water." - 
Discusses the surHaces that forqi the contacts between bodies of ground water and bodies of 
oil or gas and differentiates these from ordinary water tables. Includes diagram showing move- 
ment of water into oil wells. Incidentally gives ground-water data of local value. 

661. Contributions to economic geology, 1917, Part II, Mineral fuels; David White, 
G.H. Ashley, and M. R. Campbell, geologists in chaige. >1?18. 328 pp., 
29 pis. 
Issued also in separate chaptera. Thefollowingchaptercontainsinformatlononground waten 
id) The Irvine oil field, Estffl County, Ky., by E. W. 6haw (pp. 141-191; Pis. XI-XV). 
Discusses, on pages 176-179, the relation of ground water to the oil in this field, the character 
of so-called "dry sands," the mineral composition of the waters, and the relation of mineral 
oomposition to the origin of the water and olL Includes four analyses of waters from the EstUl 
Springs. 

691. Contributions to economic geology, 1918. Part II, Mineral fuels; David White, 
G. H. Ashley, and M. R. Campbell, geologists in charge. 

Issued also in separate chapters. The following chapter contains information on ground 
water: 

(c) Qeologic structure of the northwestern part of the Pawhuska quadrangle, Okla., by 
K. C. Heald (pp. 57-100, Pis. XIII-XV). Covers an area Just south of the Kansas Une and 
about 90 mUes west of the Missouri line (T.29N., Rs. 8 and9 E., and large parts of T.28 N., R. 
9 E.; T. 29 N., R. 8 E.; and T. 27 N., R. 8 E.). Discusses very briefly, on page 60, the groiuid- 
water conditions and the prospects of obtaining potable supplies in the sandstones penetrated 
in the oil wells. Contains a brief general statement regarding the quality of the ground waters. 



Digitized by VjOOQIC^ 



&BPOBTS ON lONEBAX BSSOITBCES. 

The report on mineral resources for the calendar years 1883 and 1884 and the reports 
for each subsequent year contain sections on mineral waters, which give statistics, 
by calendar years, of production, importation, and exportation, lists of mineral 
springs, and other information in regard to the trade in the waters of the United 
States that are sold for medicinal or table use. The statistics are given largely by 
States. 

The reports on mineral waters for successive years were prepared by the following 
authors: 

188^-1900, inclusive, by A. 0. Peale. 

1901-1904, inclusive, anonymous. 

1905, by M. L. Puller. 

1906-1909, inclusive, by Samuel Sanford. 

1910-1912, inclusive, by G. 0. Matson. 

19ia-1915, inclusive, by R. B. Dole. 

1916, by A. J. Ellis. 

In addition to the annual statistics, these reports contain the following papers 
relating to mineral waters: 

*(M R 1882) Mineral Resources of the United States, 1882. 1883. 813 pp. 50c. 

*(a) The divining rod, by R. W. Raymond (pp. 610-626). Gives a vivid historical review and 
discussion of the so-called "divining rod," which has been supposed to have virtue for finding 
ground water and other minerals, as well as for detecting criminals, etc. 

*(M R 1905) Mineral Resources of the United States, 1905. 1906. 1403 pp. 

Bibliography of mineral waters, by A. C. Peale (pp. 130»-1312). Includes a general bibliogra- 
phy and a bibUography for the United States, 1903-1905. 

"^(M R 1911) Mineral Resources of the United States, 1911, iWt II, Nonmetals. 

1912. 1224 pp., 9 pis. $1. 

*in) The concentration of mineral water in relation to therapeutic activity, by R. B.I>ol6 
(pp. 117S-1192). Discusses mineral constituents in relation to physiological reactions, minimum 
doses of inor^oiic substances, the therapeutic action of certain inorganic radicles, and toler^ 
anoe for mineral matter in drinkfng water. 

*(M R 1913) Mineral Resources of the United States, 1913, Part II, Nonmetals, 

1914. 1617 pp., 9 pis. 80c. 

(h) Published aoalyaes of American mineral waters, by R. B. Dole (pp. 43^-434). An incom- 
plete bibliography of papers containing analyses of mineral waters. 

Radioactivity of mineral waters, by R. B. Dole (pp. 435-440). Gives the radioactivity of 
63 weU-known waters from springs in Europe and the United States, compares their strength 
with that of radioactive compounds used in medical practice, and discusses the therapeutic uses 
of radioactive waters. Includes an incomplete bibUography of publications on radium, radio- 
activity, and radiotherapy. 

(M R 1914) Mineral Resources of the United States, 1914, Part II, Nonmetals, 1916. 
1122 pp., 6 pis. 

A historical sketch of the mineral-water trade, by R. B. Dole (pp. 215-219). Tabulates and 
discusses the domestic jiroduction and importation from 1883 to 1914 and includes diagrams 
showing the annual production and the price during this period. 

(M R 1916) Mineral Resources of the United States, 1916, Part II, Nonmetals. 1918. 

(Comparison of American and European mineral waters, by A. A. (Chambers. 11 pp. Com- 

. pares the analyses of certain chalybeate, carbonate, sulphide, chloride, and sulpha^ sprhig 

waters in the United States with the analyses of well-known mineral waters of Europe of similar 

types. Ckmchides that the counterparts of European waters can in general be found in this 

country. Contains a brief bibliography of mineral waters, chiefly those from American springs. 
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a Licludes map showing artesian or other ground-water conditions. 
b Information on mineral water only. 
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Ark.-Okla.. 
a Information on mineral water only, 
b Includes map showing artesian or other ground-water conditiODS. 
c International boundary. 

tf Discusses mineral waters associated with the ore depoBits and gromid water in relatian to the sane of 
oxidizod are and in relation to mine drainage. 
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42 30 

43 00 
41 00 



41 15 



40 16 



37 SO 

46 00 

46 30 

82 00 

40 30 



47 00 
42 30 
40 00 



42 00 
41 80 



40 30 
34 00 



30 46 



38 00 

38 00 

86 00 

40 00 

40 46 

43 30 



42 00 
42 30 
40 30 



41 00 



39 45 



36 55 

44 30 

44 30 

31 30 

40 00 



46 30 
42 00 
89 45 



40 15 
33 30 



39 30 

46 30 

38 80 

30 80 

38 00 



87 45 



39 45 

40 30 

43 00 



83 30 

96 30 
74 00 



74 30 



76 00 



122 00 

108 SO 
98 00 



106 

74 



97 80 
70 00 
77 30 



79 00 
105 00 



78 46 
86 30 



78 00 

100 80 

76 00 

96 00 

82 30 



89 00 



104 

84 



7ft 30 



84 00 

97' 00 
74 30 



69 16 

90 00 

79 80 

74 46 



76 30 



122 80 

104 00 

99 00 

106 86 

75 00 



99 00 

77 00 

78 00 



79 
106 



78 30 

101 00 

76 SO 

99 00 

83 00 



89 30 



104 30 
84 30 



79 00 



a Includes map showing artesian or other ground-water oondltloDs. 
ft Information on mineral water only. 

e Contains no discussion of ground water but a section and data regarding oil and gas w^Us wUdi glre 
information as to depth at which salt water is found. 
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No. 


Name of folio 
andv«erof 


State. 


Author. 


Boundaries. 


Prioe. 


North. 


South. 


East. 


West. 




191 


1914. 


N.J 


Bayley^.8.;Ktlin- 
mel, k B^; Salia- 
bury, R. D. 

Bastlnl E. 8.; Wil- 
liam8,H.8. 

LawBon. A.G 

Rlcba»bQii,O.B.... 

Hubbard, 0. D.: 
Staufler. C. R.; 
Bo^mocker. J. A.; 

Cumliufs, E.R. 
Bichardaon,O.B.... 

Shaw, e! W.: Trow- 
Phjlay. 0. T.. . . 


41 00 

45 00 

88 00 

31 80 

88 45 
40 15 

39 30 

38 00 

42 80 
45 15 

89 00 

39 80 

42 30 
39 30 

32 30 


40 30 

44 45 

37 30 

31 00 

38 30 

39 45 

89 00 

32 80 
42 15 
44 45 

88 30 

89 00 

42 00 
39 15 

32 00 


74 80 

67 00 

122 00 
104 80 

80 30 
82 45 

104 80 

106 00 
90 00 
98 00 

104 80 

76 00 

82 45 
94 30 

107 30 


75 00 

67 15 

122 45 

105 00 

90 00 
83 15 

106 00 

106 30 
90 30 
93 80 

105 00 

76 30 

88 30 
06 00 

108 00 


Cem, 
26 


198 


Eastport 

SwlTVandseo... 
Van Horn 

1915. 

BeDeTiUe-Breeae 

Colmnbaa 

GasttoBook 

1016. 
Silver City 

Oatena-Elisa- 

bflth. 
lOnneapolis-St. 

PaoL 
Colorado SpringB 

1917. 

TolcheBter 

Detroit 

Leaveaworth- 

Smlthville. 
T>eiPiag -.. 


VAftlA 


25 


Iffl 


Cal 


76 


194 


Tex 


25 


1A6 
197 


lU 

Ohio 


25 
26 


19R 


Colo 


25 


100 
200 
201 


N.Mex 

IlL-Iowa 


25 
25 
25 


2(tt 


Colo 


25 


204 


Kd 


Killer, B. L.; Hat- 
hews, B. F.- Bib- 
bins, A. B.;'uttle, 

Dnerser, »» • H. •••..• 
Darton,N.H 


25 


206 


HIcta 


50 


200 
207 


Ho..Kan8 

N.Mex 


25 
25 









COOFSBATIVE BEPOBTS NOT PT7BIJSHBD BY THE UNITED STATES 
OEOLOOIOAL STTBVEY. 

(8 1) Report of a recomudasance in TranB-Pecos Texas, north of the Texas <fc Pacific 
Railway, by G. B. Richardson. Texas Univ. Min. Survey Bull. 9; Texas Univ. 
BuU. 23, Austin, Tex., 1904. 119 pp., 11 pis. 

I>esoribes the topography, geology, nUneral resources, and ground waters of Toyah, @alt, and 
Hoeoo basins. Gypsum Plahi, Ooadalupe-Delaware Mountafais, Diablo Plateau, and Rio Grande 
Valley. Contains a table of well data, well sections, and water analyses, and includes a map 
showing the geology and the locations of wells and springs. 

(8 2) The imdergiound water resources of Alabama, by £. A. Smith. Alabama Geol. 
Survey, Montgomery, Ala., 1907. 388 pp., 30 pis. 

D escribee the geography, geology, and elimate of the Btate. Oontafns a general discussion in 
rsgard to theocomrenoe, circulation, and recovery of ground water and in regard to artesian wells. 
Gives detailed descriptions of wells, mineral waters, and ground-water conditions, with dis- 
eussions of artesian prospects, by provinoBS, counties, and vicinities. Discusses the chemistry 
and olassifleatfon of the waters from the various horizons and contains water analyses. Includes 
maps showing the geobgy and the areas of artesian flow. 

(8 3) Water resources of the East St. Louis district, by Isaiah Bowman and C. A. Reeds. 
Illinois State Geol. Survey Bull. 6, Urbana, 111., 1907. 128 pp., 4 pis. 

Discusses the economic features of the district as a manufacturing site and describes the 
topography and geobgy and the water supplies from springs, cisterns, streams, lakes, reservoirs, 
and weUs. Discusses underground drainage, fluctuations of the water table, water resources of 
the Karst, contamination of Earst water, unusual phenomena associated with springs and welb, 
and artesian conditions. Contains well sections and mineral and sanitary analyses of water. 
The watarree our ee e ofapart of this area are also described hi U.S. Geological flnrvay Bulletin 488. 



Digitized by 



Google 



46 PUBLICATIONS BBLATING TO GROUND WATER. 

(S 4) A preliminary report on the undeiground waters of Georgia, by S. W. McOaUie. 
Georgia Geol. Survey Bull. 15, Atlanta, Ga., 1908. 370 pp., 30 pla. 

Describes the physiography and geology of the State and discosses briefly precipitation, 
evaporation, and absorption by the soil. Describes In general the waters of the various geologi- 
cal formations, and In more detail the ground-water conditions in each county in the Coastal 
Plahi, Crystalline area, and Paleozoic area. Contains numerous analyses of ground waters and 
discussions of their quality. Includes a chapter entitled ' 'Experiment relating to problems of 
well contamination at Quitman'' and one entitled "Blowing springs and wells of Georgia." 
Includes a table of data regarding public water supplies and a table of miscellaneous spring 
records. Also includes a geologic map of Georgia. 

(S 5) The CJoastal Plain of North Carolina, by W. B. Clark, B. L. Miller, L. W. Stephen- 
son, B. L. Johnson, and H. N. Parker. North Carolina Geol. and Econ. Sur- 
vey, vol. 3, Raleigh, N. C, 1912. 552 pp., 42 pis. 

Consists of two parts bound in one volume. Part I describes the physiography and geolog> ; 
Part II describes the water resources both sur&oe and undeiground. Part II opens with a 
bibliography and a general discussion of the ground-water conditions but consists chiefly of de- 
tailed descriptions, by counties, of the topography, geologj^ ground-water conditions, and arte- 
sian i»t>spects, with tables giving well data. These county descriptions are followed by a dis- 
cussion of the quality of the water, by counties, and tables of analyses. The volume contains 
maps of the Coastal Plain of North Carolina showing the distribution of the surflcial deposits and 
the underljring formations, the position of the basement rocks, and the areas in which potable 
water can be obtained from the various formations. 

(S 6) Subterranean storage of flood waters by artificial methods in San Beroaidiiio 
Valley, Cal., by C. H. Lee. Conservation Commiflsion of California Kept, for 
1912, Sacramento, Cal., 1912. pp. 335^00, 3 pis. 

Gives history and methods of water spreading and amount of water spread along Santa Ana 
Biver and other streams. Gives data in regard to precipitation, run-off, and stream percolation 
in the San Bernardino Basin. Describes the ground-water reservoir in this basin, giving data 
on fluctuations of the water table and the artesian head. Discusses ground-wate^ fluctuations 
in other basins in Southern California and draws conclusions as to the effect of water spreading. 
Includes a map showing the original area of artesian flow in the San Bernardino Basin and the 
areas inl904 and 1912, also locations of wells and of lands used for spreading water. 

(S 7) Groimd-water resources of Indian Wells Valley, Cal., by C. H. Lee. Conserva- 
tion Commission of California Bept. for 1912, Sacramento, Cal., 1912. pp. 
401-429, 5 pis. 

A brief report coverhig an arid valley (also known as Salt Wells Valley) that lies mostly in 
northeastern Kern County but extends into Inyo and San Bamardino counties and comprises 
a part of the area hiduded in Tps. 25-27, lU. 38-40. Gives information in regard to precipitation, 
stream flow, evaporation of ground water, and water supply available by pumphig from wells. 

(S 8) The underground water resources of the Coastal Plain province of Virginia, by 
Samuel Sanfoid. Virginia Geol. Survey Bull. 5, Charlottesville, Va., 1913. 
361pp., 1 pi. 

Describes and (* iscusses the topography, geology, origin, occuirence, and emergence of ground 
water, types of springs and their pollution, artesian conditions, cisterns, collecting tukmels, tsrpes 
of wells, magnetic wells, and fkvshening of deep water. Gives detailed information on w^ls and 
ground-water conditions by counties and contains tables of well data and of analyses of spring 
and well waters. Includes a map showing the areas of artesian flow and the quality of the ground 
waters. 

(S 9) The undeiground and surface water supplies of Wisconsin, by Samuel Weidm&n 
and A. B. Schultz. Wisconsin Geol. and Nat. Hist. Survey Bull. 35, Madison, 
Wis., 1915. 664 pp., 5 pis. 

Describes the geography and geology of the State and the conditions oontroUing local ground 
waters and artesian waters. Describes the flowing wells and artesian prospects, the springs and 
mineral waters, the uses of water supplies, and the quality of Water from various geologic sooroea 
and from the rivers and lakes of the State. Gives detailed descriptions by counties with well 
sections and water analyses. Includes maps showing the geology, the surfaoe of the pro-Oam- 
brian rocks, the head of artesian water, and tho areas of soft and hard water. 
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(S 10) Memorandum on the geology of the ground waters of the Island of Antigua, 
B. W. I., by T. W. Vaughan. Imperial Dept. Agr. for the West Indies, West 
Indian Bull., vol. 14, No. 4, 1916. pp. 276-280. 

Outlines the physiography and geology of Antigua and their bearing on ground-water con- 
ditions. DLscosses the prospects of obtaining artesian and other ground waters; also discusses 
the quality of the ground waters, especially with reference to salt. Includes a sketch map of 
the Island showing the geology. Reference is made to the work of H. A. Tempany, chemist 
and superintendent of agriculture for the Leeward Islands, who published two papers on the 
same subject, containing some detailed spring and well data and a number of analyses of ground 
water. The papers by Tempany are as follows: " The water supply of Antigua " (West Indian 
BuU., Tol. 13, No. 4) and "The ground waters of Antigua" (West Indian Bull., vol. 14, No. 4). 

(S 11) Beports on condition of water supply at Savannah, Ga. Mayor of Savannah 
Ann. Kept., 1915. 
/ Contains the following papers submitted by the United States (Geological Survey: 

Preliminary report on Savannah Water Supply, by L. W. Stephenson and R. B. Dote. 
Pp. 1-14. 

The water supply of Savannah, (}a., by R. B. Dole. Pp. 16-89. 

These papers discuss the yield and head of the artesian wells of Savannah, the consumption 
of water, the sanitary and chemical quality of the water, and the cost of operation. They give 
the results of fluorescein tests and several analyses of surface and ground waters. They con- 
clude with recommendations for future developments. 

(S 12) Report of the Water Commission of the Territory of Hawaii to the Governor of 
Hawaii, by G. K. Larrison, A. G. Smith, and T. F. Sedgwick. Honolulu, 
1917. 53 pp., map, diagrams, and tables. 

Discusses and gives data regarding artesian water on the Island of Oahu, the relation of pre- 
dpitationlo artesian head, the discharge of flowing and pumped wells, the interference of wells, 
the progress of artesian well boring, and waste of water from artesian wells. Includes a proposed 
law relating to the use of water from artesian wells. The data were collected by R. C. Rice 
and R. D. Klise, of the United States (Geological Survey, under the direction of T. F. Sedg- 
wick. 

HISOELLANSOTJS SPRZNO BEOORDS. 

Mwxllaneous records of the discharge of springs in papers not elsewhere listed. 



Water- 
sup- 


Pafeson 
^ch 


ply 


data are 


pV- 


given. 


27 


45 


27 


45 


27 


45 


27 


45 


28 


130 


28 


130 


28 


130 


28 


130 


28 


130 


36 


147 


36 


147 


38 


147 


36 


147 


36 


147 


36 


147 


36 


147 


36 


147 


38 


147 


36 


147 


36 


147 


38 


147 


36 


147 



Date of meas- 
urement. 



Name. 



State. 



Location. 



Dis- 
charge. 



Dec. 20, 1808 
Dec. 21, 1808 
Dec. 22, 1808 
Dec. 23, 1808 
liar. 26, 1808 
May 8, 1808 

do 

Dec. 23, 1808 
Dec. 24, 1808 
May 30, 1800 



do.. 
do.. 



June 24, 1800 

do 

....do 

.....do 

do 

..-.do 

June 26, 1800 
do 



Silver Spring 

Kissingen Spring 

Blue Spring 

Itchatucknee Spring.. 

Barton Spring 

do 

do 

do 

do 

Dooley Spring 



Drove Mill Spring 

Baker's mill spring 

Colina Spring 

Arnold Spring 

J. R. Byrd's spring 

R. W. Lander's spring. 
J. A. Johnson's spring. . 
OakhUl Church Spring. 
Hayse Spring 



Fla... 
..do.. 
..do.. 
..do.. 
Tex.. 
...do.. 
..do.. 
..do.. 
..do.. 
Oa... 



.do., 
.do.. 



..do.. 
..do., 
..do.. 

..do.. 
..do., 
...do.. 
...do.. 
..do.. 



.do... 
do... 

56122^— 1&-WSP 427- 



Trimble Spring. . 
Gardners Spring. 



.do.... 
.do.... 



Falr- 
of Fi-' 



NearOcala 

Bartow 

JuUet 

Near Fort White... 

Austin 

....do 

do 

do 

do 

8 miles sooth of 

mount. 

Near Gash 

5 miles south 

mount. 
Near Colina.... 

1 mile south of Golina 

2} miles northwest of Fair- 
mount. 

3 mites east of Plnelog. ... . 
2} miles east of Pinelog. . . . 

do , 

Folsom 

Mostetters Mill, 1^ miles 
west of Folsom. 

2 miles north of Adairs- 
ville. 

5 miles north of Adairs- 
ville. 



8ec.-ft, 
822 

31 
778 
408 

20 

30 

31 

10 

10 
.02 

16.2 
3.0 



.47 

4.27 
.48 

1.85 
.86 

4.45 



2.85 
.41 
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MiseeUoMow reeordk of the discharge ofepringt in papers not elsewhere listed—^ntd. 



W»ter- 
Sup- 



Paces an 
which 

data are 
givezi. 



Date of meas- 
urement. 



Name. 



State. 



Location. 



37.. 



87.. 
87.. 



87.. 
88.. 



J6. 
85. 
85.. 
85.. 
85.. 
85.. 



96. 
U7. 



127. 
127. 
137. 
130. 
133. 
133. 
183. 



186. 

135. 

135. 

135. 

186. 
136. 
136., 
136.. 
136.. 
136. 
135. 



186.. 
135. 
136.. 
135.. 
185. 
136. 
136. 
168. 

168. 

168.. 
108.. 
177.. 
177.. 
1»7.. 

197.. 
197., 
197.. 
212.. 



147 

2n 



277 
277 

277 
434 

440 

128 

126 
126 
126 
126 
126 
126 
210 



120 



120 
120 
175 
192 
358 
358 
864 



271 

272 

272 

272 

272 
272 
272 
272 
272 
272 
273 



273 
273 
273 
273 
273 
273 
273 
08 

101 

101 
101 
86 
246 
241 

241 

241 

802 

92 

92 



7mie 26,1899 
June 80, 1809 



Dec. 24, 1895 
June 29, 1889 



do 

Aug. 21, 1899 

June 13, 1899 

Aug. 4, 1902 

do 

Sept. 8, 1902 
Aug. 4, 1902 
Sept. 8, 1902 
Aug. 4, 1902 
Se^. 9, 1902 
June 10 and 
11,1902. 



July 20, 1903 
Apr. 19, 1904 



Sept. 23, 1904 
Not. 10, 1904 
Jan. 21. 1904 
Sept. 11, 1904 
Aug. 81, 1904 

do , 

Oct. 4, 1904 



Aug. 10, 1904 

Aug. 17, 1904 

.....do... 

-...do... 

do... 

Aug. 18, 1904 

do 

Aug. 20, 1904 

do 

Aug. 22, 1904 
Aug. 23, 1904 



..do 

do 

Aug. 25, 1904 
do 

...do 

...do 

do 

Apr. 26, 1906 

Mar. 10, 1906 

Apr. 20, 1906 

do 

Dec. 4. 1905 
Aug. 2d, 1905 
Mar. 10, 1905 

Apr. 20, 1906 
do 

Jan. 21,1904 
July 11,1906 



Blackwood Spring. 
Las Moras Spring. . 



Oa... 
Tex.. 



do 

San Felipe Springs 

San Madre Ditch 

Pacoima subnuirged 



..do... 
..do... 



...do... 
Cal.... 



6 miles southeast of Cal- 
houn. 

Fort Clark, near Brackett- 
Tllle, and 10 miles from 
Spoflord. 

.do 

Below San Madre ditch 
diversion, near Del Bio. 

Near Del Rio 

(By pumping) 



Wooden Spring 

Branch. 
Spring 



.....do... 
.....do... 
.....do..., 
.....do... 
.....do... 

do... 

Springs.. 



Nebr... 



Nev... 

..do... 
..do... 
..do... 
..do... 
..do... 
..do... 
Idaho. 



Sec.26,T.36N.,R.20W. 

I mile north of Heitman's 
house. 

Near Heltnum's house 

....do 

South of Heltman's house. 

do 

Heitman's 



.do.. 



Big Springs. 
do 



Ala. 
Ga.. 



do 

do 

Cave Spring 

Qiant Springs 

Heitman's springs.. 
Monfrena Springs . . 
Big Spring 



..do... 
...do... 
...do... 
Mont.. 
Nev... 
..do... 
Utah.. 



All springs flowing into 
Snake Kiver, between 
Shoshone Faus and the 
Cedars. 

Tnscumbia 

i milef rom left bank Flint 
River, about 4 miles 
down 'Stream from Al- 
bany. 

....do 



do.. 
Cave 8p „ 
Great Falls.. 
Mouth of Canyon.. 

do.. 



Hawley Springs 

Thurman Springs 

West Bald Cabin 

Springs. 
East Bald Cabin 

Green Springs 

Blue Springs 

Griuly Spring 

Caldwell Spring No. 1. 
Caldwell Spring No. 2. 

Sorenaon Spring 

Bear or Little Spring.. 



Idaho. 
..do... 
..do... 
..do... 



Tributary to Rock Greek, 

in Duchesne River 

bashi. 
\ mile below Helse.post 

office. 
North Fork of Snake 

River above Marjrsvllle. 
....do 



.do.. 



.do., 
.do., 
.do.. 



.do.. 
.do.. 



.do., 
.do., 
.do., 
.do.. 



.do.. 



..do.... 

..do 

.do.. 



Thompson Springs.. 

Gamer Spring 

Whitman Spring. . . . 

Rock Springs , 

Sherwood Springs . . . 

Big Spring 

Golf Spring 

Blue Spring 



..do., 
.do., 
.do., 
.do.. 



East bank of Henry Fork 
of North Fork of Snake 
River. 

do 

do. 



..do.. 
..do.. 
..do.. 
Ga... 



Tributaries of Henry Lake. 

....do.. 

do. 



.do.. 



Warm Sowings 

....do 

....do 

FlahSnrings 

Little Shasta Springs., 
Warm Springs 



do 

Warm Springs. 
Cave Spring. 
A. Bayter's 



..do.. 

..do.., 
..do.., 
Cal.... 
..do... 
Ga.... 



.do- 



July 12^1906 



. 's dug well 
and springs. 
N. Green's spring 



Ga. 

..do.. 

Utah.. 



...do. 



4 mUes from Albany on 
road to Hardaway. 

I mile from Warm Springs 
station. 

do 

do 

Near Big Pine 

Little Shasta 

I milef rom Warm Springs 
railroad station. 

.....do 

.....do 

Cave Spring 



Ne^ fence No. 48. 
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Miscellaneous records of the discharge of springs in papers not elsewhere listed— Coatd, 



Water- 


Paces an 

which 

data are 


Paper. 


given. 


212.... 


92 


212.... 


92 


212.... 


92 


212 


92 


212.... 


92 


212.... 


92 


212.... 


93 


212.... 


92 


212.... 


92 


214.... 


164 


230.... 


160 


247.... 


118 


247.... 


118 


247.... 


118 


250.... 


143 


252.... 


284 


271.... 


242 


288.... 


135 


288.... 


135 


288..-. 


136 


280.... 


220 


280.... 


220 


298.... 


390 


298.... 


390 


298.... 


390 


298.... 


390 


298.... 


390 


208.... 


890 


298.... 


890 


298.... 


890 


298.... 


890 


310.... 


196 


810.... 


196 


310.... 


196 


810.... 


196 


314.... 


81 


814.... 


178 


326.... 


864 


326.... 


365 


332..,. 


275 


332.... 


276 


332.... 


275 


359.... 


255 


360.... 


285 


360.... 


286 


380.... 


286 


380.... 


286 


360.... 


286 


860.... 


286 


360.... 


286 


362.... 


749 


370.... 


806 


370.... 


811 


370.... 


811 


970..,. 


811 



Date of 
urement. 



Name. 



State. 



Locatifln. 



Dia. 
charge. 



Joly 13,1906 

.....do 

do 

Jul7 14,1906 

July 20,1906 

do 

,do. ••••.. 

do 

Aug. 21,1906 
Oct. 19,1906 
Kay 7,1902 
Jan. 7,1907 

do.! 

do. 

Aug. 81,1907 

Aug. 6,1907 

Oct. 1,1909 
Deo. —,1910 

do 

Aug. —,1910 
Sept. 6,1910 

do 

Sept. 9,1903 
June 12,1905 
July 8,1906 
Aug. 6,1905 
Sept. 2,1905 
Oct. 18,1905 
Dec 14,1905 
June 21,1906 
Aug. 3,1906 
Apr. 20,1911 

Aug. 14,1911 

Apr. 13,1911 

Apr. 11,1911 
Aug. 28,1909 
July 10,1907 
July 5,1912 



Sept. 14,1912 
Mar. 81,1911 
Jan. 18,1912 
liar. 16,1912 
Mar. 12,1912 
Aug. 21,1913 
Aug. 3,1913 
Aug. 16,1913 
do 



.do 

do 

Aug. 23,1913 

July 1,1913 

Aug. 6,1907 

May 7,906 
Sept. 27, 1905 
0<$. 6,1905 



Glllie'8 springs 

2 springs 

do 

Famsworth A Bastian 

Bros, spring. 
Jeddy Dean's dug well . 
J. H. Cartwrikht spring. 
2 springs of W. E. 

Yardley. 
Jos. Jackson's 2 springs. 
Datson's warm springs. 

Warm Springs 

Paxton Spring 

Antelope Bprlng 

do 

Buffalo Spring 

Roaring Springs 



Spring 

Beetle's rest spring . 

Hancock Spring 

Hanna Spring 

Barton Sprixigs ... . 

Artesian well 

Every (T). 
DottaS ' 

do 

do 

do... 

do 

do 

do 

do 

do 

Boaring Springs.. 



Utah.. 

..do.. 
...do... 
...do... 

..do... 
..do... 
...do... 

...do... 
...do... 
Oreg.. 
Nebr.. 
Okla.. 
...do... 
...do... 
Oreg.. 

...do... 



S£. iaec. 4, T. 29 S., R. 

TTftTiw^h Qale's&rm...... 

O . W. Gale's pasture 

On Indian Creek 



Beaver City. , 
....do...... 

....do , 



Tbreemile Springs. . 

Thompson Springs. 

Knox Springs 

Spring 

.....do 

Buckholc Springs . . 



Qiant Springs 

DrumheUer Springs . . 

do 

do 

Hunts Spring. 

Warm Creek Spring. . 

Xolen Swing 

PrestonBlg Spring. . . 
Spring No. 4 



Spring No. 2. 



Spring No. 8... 
Warm Springs. 



Intermittent spring. . 
Spring 



. . .do. . 
Tex... 
...do.. 
:..do. . 
Nev... 
...do.. 
Cal.... 
...do.. 
...do.. 
...do.. 
...do.. 
...do.. 
...do.. 
...do.. 
...do.. 
Oreg.. 

...do.. 



South Beaver 

1 mile east of Minersvllle . . 
Warm Spring Agency ... . 
Sec. 19, T. 16N., R. 27 W: . 
Sulphur 

....To 

....do 

Southwest base of Steens 

Mountain. 
Chris. Dennaen's. sec. 2, 

T.26S.,R.86£. 
Klamath Agency sawmill. 



mpasas., 



,.do(T). 



...do... 
Alaska. 
..do... 



Mont... 



...do... 
Wash. 
...do... 
...do.. 
Utah.. 
...do.. 
...do... 
Nev... 
...do... 



.do. 



MfaTiAhfthA Spring. . 

Cold Springs 

do V. 



...do... 
Oreg.. 

Wash. 

Oreg.. 

...do... 
...do... 
,.do.. 



.0 

Austin 

Las Vegas 

doT: 

Big Meadows 

...T.do 

.....do 

.....do 

....do 

....do 

....do 

....do 

....do 

Seo.6,T.34S.,R.82E.,in 

Catlow Valley. Ct) 
i mile below head of Three- 
mile Creek in Catlow 

Valley. 
Tumtum Lake Basin near 

Denio - Andrews stage 

road. 
See.^T.3lS.,R.82iE., 

in ^tfw Valley. (?) 
Fish River Basin, Seward 

IFeninsula. 
OrandCeniral River Basin, 

Seward Peninsula. 
SB.JSW.lsec. 28, T.21 

N., R. 7 v., near Au- 
gusta. 

Great Falls 

Crab Creek drainage basin 

do 

do 

CentraL 

Near Fayette 

NearMlfis 

Near Preston 

700 feet northwest of Pres- 

ton post office. 
200 feet west and 150 feet 

north of Preston post 

office. 
600 feet north of Prestcn 

T>ost office. 
Bridge at "OO" Ranch, 

Hamev Lake Basixb—' 

nudn channel only. 
SW.i sec. 18, T. 6 N., R. 

10 E. 
Chris. Dennaen's, sec. 2, 

T. 25 S., R. 86 E. 
Near Hermiston. 

do 

...do ., 



8ee.-ft 
0.82 

1.35 
.68 
.11 

.25 
.05 
.23 

.37 
.13 
360 
.8 
3.2 
3.4 
6.1 
5 



34 
7.4 

19» 
.48 
1.66 
100 
50 
99 
84 
89 
90 
77 
122 
94 
6.05 



.28 

1.6 
6.4 
3.8 
1.1 



192 

20 

20.6 

17.8 

8.0 

3.0 

6.4 

7.6 

.0 

8.7 



3.8 

3ao 

49.7 

4 

2.6 
1.6 
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50 PUBLICAnONS RELAnNG TO GROUND WATBE. 

Miscellaneous records of the discharge of springs i^ papers not elsewhere Zwtcd— Contd. 



370 
370, 
370. 

370. 
370. 
370. 
370. 

370. 
370. 

380. 

389 

380. 



300. 
300. 
390 
390 



390 
390 
301 

391 
391 

301 

393 
303 
393 
393 
383. 
394 

394. 



394. 
394. 
394. 



811 
817 
818 

818 
818 
818 
818 

820 
821 

191 

191 

191 
191 
191 
191 
191 
191 
192 
297 
297 
297 
297 
297 
297 
297 

297 
296 



241 
241 
241 
241 
241 
173 



173 



174 
174 
174 



Oct. 2, 1905 
Sept. 20, 1908 
Aug. 7,1907 

Har. 23,1906 
Apr. 27,1908 
Oct. 1,1909 
May 8,1910 

Hay 16,1906 
Aug. 31, 1907 

Apr. 26,1914 

Feb. 12,1914 

Apr. 27,1914 
Dec. 11,1913 
May 23,1914 
July 17,1914 
Aug. 7,1914 
Aug. 26, 1914 
Sept. 23, 1913 
June 21,1914 
July 23,1914 
Aug. 28,1914 
June 21,1914 
Aug. 28,1914 
Oct. 16,1913 
....do.. 



.....do 

July 14,1914 
Aug. 24,1914 

Aug. 12,1914 
do , 



Aug. 27,1914 

Mar. 24,1914 
Apr. 17,1914 
May 2, 1914 
June 26,1914 
Aug. 6,1914 
Aug. 15,1914 



Aug. 14,1914 



July 3,1914 
Sept. 16, 1914 
Mar. 18,1914 



OUIette Springs 

Anna Creek Spring. . 
Beetles Rest Sprixig. 



....do 

do 

do 

Barclay Springs . 



OleneS]^ 
Roaring Spi 



Toquerville Springs . . . 



Hunts Spring. 



do 

Stone Cabin Spring. . . 

do 

do.. 

do 

do 

Ash Meadow Springs.. 
Upper Mollen Springs. 

do 

do 

Lower Mollen Springs. 

do 

Preston Big Spring 

Spring 



do 

Parsnip Springs. . 
Big Spring 



.do. 
.do. 



Roger Spring... 

Warm Springs. 

do 

....do 

do 

do 

Springs 



.do. 



Intermittent springs. 

do 

3 springs 



Oreg. 

..do 

..do... 



..do... 
..do... 
..do... 
..do.... 



.do., 
.do.. 



Utah... 



.do... 



..do.. 
Nev... 
...do.. 
...do.. 
..do.. 
...do.. 
..do.. 
Utah.. 
..do.. 
..do.. 
..do.. 
..do.. 
Nev... 
..do.. 



..do.. 
Oreg.. 
..do.. 



-do. 
.do. 



..do.. 

Idaho. 
..do.. 
..do... 
..do... 
..do... 
Oreg.. 



.do... 



Wash. 
..do.. 
Oreg.. 



Near Eciho^ 

Arants 

i mile north of Klamath 
Agency. 

!!i;!doIII!III!!!;!!!!]!!! 

....do 

Upper Klamath Lake 



NearOlene 

Southwest side of Steens 

Mountain. 
East side of Ash Creek, 
just above Toquenrille. 
Hunt's ranch, 1 mile south- 
east of Central. 

do 

7 milesnorthwest of Noapa. 

do 

do 

do 

do 

Near Amargosa 

Near Mills 

do 

do 

do 

do 

Preston 

200 feet northwest of Pres- 
ton post office. 

Near Qee's at Preston 

At mouth of Camas Creek . 
Fort Klamath-Creaoent, 
road crossing. 

do 

f mile below road below 

last spring. 
I mile above mouth of 
Sycan River. 

Near Henry 

do 

do 

do 

do 

Tributary to Desdiutos 
River Detween Spring 
River and West's bridge. 
Tributary to Deschutes 
River Detween West's 
bridge and Benham 
FaUs. 

Near Trout Lake 

do 

1^ miles west of Parkdale. . 



2 

2.7 

25 

26 
25 
24 
1.7 

2.9 
6 



3.2 

3 

2 

1.8 

1.8 

1.8 

1.8 

3.4 

5.6 

7.7 

4.7 

0.8 

7.6 

7.6 

3.6 

2 

1.3 
61.4 

Tas 

62.6 



.6 
1 

1.2 

1.4 

LI 

13.6 



28.4 



82.6 
O 
13.3 
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The following abbreviationB are used in the index: 
W, Water.«upply paper (pp. 5-29). MR, Report on mineral reeourcee (p. 42). 

A^ Annual report (pp. 29-32). GF, Geologic folio (pp. 43-46). 

M, Monograph (pp. 32-33). S, Cooperative report not published by 

P, Ptofessional paper (pp. 3S-34). the United States Geological Survey 

B, BuUetin (pp. 34r40). (pp. 45-47). 

Names of formations and geologic ages are entered as used in the reports indexed 
without revision to bring them into accord with current usage. 



Absorption areas for artesian water A5c 

Absorption of water, apparatus for measuring .• W 155 

by adobe W 343 

by clay W 258 

by conglomerate W 258 

by gravel W 258 

by gypseous soil W 343 

by lava W 343 

by limestone W 258 

by sand W 219, 258 

by shale W 258 

by sink holes W 233; A16nf 

by slate W 258 

by soil W294; S4 

by till W258 

by valley fill W423 

drainage wells in relation to W 258 

estimates of W 219, 294, 423 

from floods W 294, 380; S6 

from irrigation W 294 

from precipitation W 153, 155, 294, 380, 400 e 

fromstreams W 153, 158, 199, 294, 345, 375 d, 380, 400 e, 423; 86 

in alkali flats W 343 

lysimeters for measuring W 155 

measurement of W 155, 294, 400 e, 423 

principlesof W 114, 159,219,257; A14na,19nb; S2,8 

spreading of flood waters in relation to S6 

See also Quantity of ground water. 

Acidity of ground water. See under Analyses and Quality. 

Adams, G. I., Economic geology of Tola quadrangle, Kans B 238 

Patrick and Goshen Hole quadrangles, Wyo. and Nebr W 70 

Water supply of Ozark region in northern Arkansas W 110 

Adaville formation, water in, in Wyoming P 53 

Africa, deep wells in W 257 

Agriculture. See Dry farming and Irrigation. 
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52 PtTBLICATlOKS RELATING TO GlU)UND WATEfi. 

Air in soils, flow of A 19 n b 

ground water in relation to A 19 n b 

Airlifts W 266, 343 

Alabama, areas, all of State W 102, 114: S 2 

areas, Birmingham quadrangle GF 175 

Marengo County B 298 

Mobile County B 298 

artesian water in W114; S2 

Mbliographyof ground water in W 114, 120, 149, 163 

mineral water in W 114; B 32; MR 1883-1916; GF175 

quality of ground water in W 102, 114; B 32; GP 175; S 2 

salt water in W 114 

springs in, records for W98; B 32 

temperature of groimd water in S2 

temperature of spriipig waters in B 32 

wells in, records for W67,149; B264,298 

Alachua clay, water in, in Florida W 319 

Alaska, bibliography of ground water in W 120,163 

mineral water in W418; B 32; MR 1883-1884 

quality of ground water in W 418 

springs in W 314, 418; B 32 

temperature of ground water in W 418; B 32 

Alden, W. C, Chicago folio. Ill GF81 

Gaines folio. Pa -N. Y *. GF92 

Milwaukee special folio, Wis GF 140 

Algae in groimd water W 315, 338, 345 g; A9d 

Algeria, artesian water in A 11 n c 

bibliography of groxmd water in W 163 

irrigation with ground water in A 11 n c 

Algonkian formations. See under Pre-Oambrian; al$o eee specific formatiofu. 

Alkali as indicator of ground water W423 ( 

Alkali coefficient of water for irrigation W 274, 336, 398 

Alkali flate, water in W422; B530r 

Alkali in ground water, i^ee Analyses; Quality. 

Alkali in soil, water table in relation to W 320, 343, 422, 423 

Alkalinity of ground water. See Analyses and Quality. 
Alluvial fans. See Valley fill and D6bris-iUled basins. 

Alluvium interbedded with lava, artesian water in B 199 

Alluvium, water in W 267, 268 

water in, in Antigua. . ! S 10 

in Arkansas W399 

in California W 112, 140, 142, 219, 294, 345 h, 376 a, 400 e 

in Connecticut W 374, 397 

in Illinois A 17 n; GF 196; S3 

in Iowa W293 

in Kansas W 153, 268, 273; GF 206 

in Kentucky W233 

in Michigan GF206 

in Minnesota W 256; GF 201 

in MisBiasippi W 159 

inMissoxiri GP206 

in Nebraska W 12,184,426 b; GP 89 

in New Mexico W 140, 141, 168, 188, 422 

in Nortli Dakota GP181 
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Alluvitiin, waterin, in Ohio W 91, 259 

in Pennsylvania W 114 

in Utah W 157, 217 

in Wiflconflin S 9 

in Wyoming W425b 

Bu also Valley fill, Gravel, and Sand. 

Alum Bluff fonnation, water in, in Florida W 319 

water in, in Georgia W341 

Aluminum in ground water W 273, 338; B47; MR 1911 

Ammon, on flow of air through soils A 19 n b 

Ammonia in ground water W 240, 256; MR 1911 n n 

Amsden formation, water in, in Wyoming P53 

Anacacho formation, water in, in Texas A 18 n b; GF 64 

Analyses, mechanical, of water-bearing material W 67, 104, 136; A 19 n b; P 44 

Analyses of ground water, bacteriologic '. W 193, 256, 259; S 11 

bacteriologic, methods of W193 

bibUography of B 330,491,606,616; MR 1913 nh, 1916 

in Alabama W 102; B 32; GF175; S 2 

in Alaska W418 

in Antigua S 10 

in Arizona W 104, 136, 320, 364, 375 b; B 32; GF 129 

in Arkansas W 102,145,364,399; P 45; B 32,330,491,606,616 

in Asia B 330, 491, 616 

in Australia B 330, 491, 616 

in AustriarHungary B 330, 491, 616; MR 1916 

in British Columbia B 330, 491, 616 

in California. ... W 58, 59, 116, 142, 255, 278, 338, 364, 398; B 32, 330, 491, 529, 540 n, 

606,616, 653; MR 1916 

in Canada B 330, 491, 616 

in Colorado. . . . W 240, 364; A 17 n f ; M 27; P 32, 52; B 32, 330, 491, 529, 606, 616; 

GF 135, 153, 203; MR 1916 

in Columbia B 330, 491, 616 

in Connecticut W 102, 110, 232, 374, 397; P 44; B 32 

in District of Columbia W 364; B 32, 138 

in England B 330, 491, 616; MR 1916 

in Fiji Islands B 330, 491, 616 

in Florida W 102, 319, 364; B 32 

in France B 330, 491, 616; MR 1916 

in Georgia W 102, 160, 341; B 32, 138; 8 4,11 

in Germany B 330, 491, 529, 606, 616; MR 1916 

in Iceland... B 330, 491, 616 

in Idaho B 32 

in niinoiB W 164, 364; A 17 n h; B 32, 330, 438, 491, 506, 616; GF 81, 188, 195, 

200; S3 

in Indiana W 254; A 18 ivb; B 32,330,491,616 

in Iowa W 293, 364; B 32; GF 145, 200 

in Italy B 330, 491, 616 

in Java B 330, 491, 616 

in Kansas W 145, 153, 258, 273, 345; P 32; B 32, 330, 491, 606, 616 

in Kentucky W 102, 164, 233, 364; B 32, 330, 491, 606, 616, 661 d 

in Louisiana W 101; P 46; B 330,491,616 

in Maine W 102,114,144,223,258,364; B 32, 330, 491, 616; GF 149 

in Manitoba * M25 
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54 PUBLICATIONS KBLATING TO GROUND WATER. 

AnalyBes of ground water, in Maryland B 32, 138 ; GF 136 

in Mafisachufletts W 102, 110, 144; B 32 

in Mexico ^ . . B 529 

in Michigan W 31, 102, 145, 364; B 32, 330, 491, 606, 616, 625; GF 155, 205 

in Minnesota W 102,256; M 25; B 32,330,491,616,625; GF 201 

in Miseiasippi W 159,364; P 46; B 32 

inMiflflouri W 102,145,195,364; B 32/330,438,491,606,616,625 

in Montana W 221, 345, 364, 400 b; B 32,330,491^529,606,616; GF 56 

in Nebraska W 184, 215 

in Nevada W 364, 365, 423, 425 d; P 95 a; B 32, 330, 491, 529, 530 r, 540 n, 

540 p, 606, 616 

in New Hampshire W 102, 144; B 32 

in New Jersey B 32, 138; GF 191 

in New Mexico W 123, 158, 188, 275, 343, 364, 422, 425 a; B 32, 330, 491, 616, 

618; GF 207 

in New South Wales B 330, 491, 616 

in New York. . . W 102, 108, 110, 144, 145, 364; P 44; B 32, 330, 491, 616; MR 1916; 

GF190 

in New Zealand B 330, 491, 616 

in North CaroUna W 160,258,364; B 32, 138,330,491,616; S 5 

in North Dakota M 25; B 32; A 17ng; GF168 

in Ohio W 259; A 18 ivb, 19 iv b; B 32,330,491,616; GF 197 

in Oklahoma W 148, 345, 364; B 606 

in Oregon W 220; B 32 

in Pennsylvania W 108, 110, 364 ; B 32, 330, 491, 616 

in Philippine Islands B 330, 491, 616 

in Rhode Island W 102, 144; B 32 

in South Carolina W 258, 364; P 90 h; B 32, 138 

in South Dakota W 227; A 17 n g, 21 iv b; P 32; B 32; GF 107, 108, 164, 165 

in Switzerland B 330, 491, 616 

in Tennessee W 164, 364 ; B 32, 330, 491, 529, 616 

in Texas W 66, 141, 190, 276, 317, 335, 343, 364, 375 g; 

A 18 n b, 21 vn; P 46; B 32; GF 166, 194; S 1 

in Utah W 157, 199, 217, 277, 333, 364; B 32, 330, 491, 616 

in Vermont W 102,114,144; B 32 

in Virginia W258,364; B 32, 330, 491, 616; GF 80; S8 

in Washington Will; B 32 

in West Indies S 10 

in West Virginia W 145, 364; B 32; GF 179 

in Wisconsin B 32; GF 140 

in Wyoming W364,425b; A9 d, 21 iv b; P32; B 32, 

47, 330, 364, 491, 616; GF 107, 173 

in Yellowstone National Park A9d; B 47, 330, 491, 616 

sanitary W 31, 144, 195, 256; S3 

methods of W193 

. See also Analysis, Pollution, Purification, and Quality. 

Analyses of incrustations on well screens W 256, 293 

Analysesof mine waters.. ^^ W364; B 330, 491, 529, 616 

in Arizona W364 

inCalifemia W 364; B 529 

in Colorado W364; B 529 

in Germany B 529 

in Kansas W272 
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INDEX. 55 

Analyses of mine waters, in Mexico B 529 

in Michigan W364; B 626 

in Minnesota : B 626 

in Missouri ,. W364; B 625 

in Montana W 345 g, 364; B 629 

in Nevada W 364; B 629 

in Oklahoma W 364 

in Tennessee W364; B 529 

in Utah W364 

Analyses of mineral waters, bibliography of MR 1913 nh, 1916 

Analyses of soil, mechanical, methods of W67, 104, 136; A 19 n b; P44 

Analyses of tufa formed by hot springs W 145; A 9 d 

Analyses of water, accuracy of W 236, 274 

assays compared with W 398 

computation of W 151, 236, 398 

conversion of : A 14 n b 

equivalents for MR 1911 n n 

industrial application of W 274 

interpretation of W 274, 398; B 479, 606, 616 

logarithms for W 293 

detecting errors in W 236 

expression of W 236, 274 ; A 14 n b ; B 47, 330, 479, 491, 616 

reaction coefficients for W 274 

Analysis of water for acidity W 236 

for albuminoid ammonia B 47 

for alkalinity W 161 

for aluminum B 47 

for ammonia B 47 

for antimony B 47 

for arsenates B 47 

for arsenic B 47 

for bacteria W 193, 315 

for barium B 47 

for bicarbonates W 151, 236 

for borates B 47 

for bromides B 47 

for caesiimi B 47 

for calcium W236; B 47 

for carbonates W 151, 236; B 47 

for chlorine W 144, 151, 236; B 47 

for color W 161 

for copper B 47 

for fluorides B 47 

for hardness r. W 151 

for hydrogen sulphide B 47 

for iodides B 47 

foriron W236; B 47 

for lead B 47 

for lithium B 47 

formagnesiimi W236; B 47 

for manganese B 47 

for nitrates W236; B 47 
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Analysis of water for phosphates B 47 

for potassium W236; B 47 

for radioactivity B 3»5; MR 1913 nh 

for rubidium i- B 47 

forsilica W236;B47 

for sodium W236; B 47 

for specific gravity B 47 

for strontium B 47 

forsulphates W 161, 236; B 47 

for sulphites B 47 

f or sul phur B 47 

for thallium B 47 

for thorium * B 395 

for tin B47 

fortitanates 1 B 47 

for total dissolved solids W 236 

for total suspended solids W 236 

for turbidity W 151, 236 

methods of W 193, 236, 254, 320; B 47 

infield W 151, 193; B 47 

solutions for W 236 

Anamorphism, zone of, ground water in relation to M47 

Annual recharge of grotmd water. See Quantity of grotmd water. 

Antigua, ground water in S 10 

Antimony in grotmd water.- B 47 

Antrim shale, water in , in Michigan W 114 

Apparatus for making assays of water W 151 

for making mechanical analysis of soil W 67 

for recording water levels in wells '. W 165; A 19 n b 

for separating the emanation of uraninite in water B 395 

for testing color of water W 151 

for testing gases in ground water B 395 

for testing solids in water W 137, 138, 139 

for testing turbidity of water W 151 

for testing windmills W 20, 41, 42 

Apparati2s for measuring artesian pressure .' W 145 

deflection of wells W257 

discharge of wells and springs, weirs W 150,200 

evaporation of water from sand W 294; A 19nb 

flow of ground water W 67, 110, 112, 140, 141; P44 

flow of water and air through various media A 19 nb 

percolation of water W 155 

radioactivity in water B 395; MR1913nh 

rate of rise of water in wells W140 

water retained by soils A 19 nb 

Apparatus showing flow of water due to settling of sediments A 19 u b 

loss in head by friction in sands W 258 

loss in head of artesian water W 12,54; A17ng,19iyc; P 17, 32, 52 

AquifeiB, use of term W293 

See dUo epeeificforrnatume, 

Arapahoe formation, water in, in Colorado M 27; P 32 

Archean formations. iSe^ U7u/«r Pre-Oambrian; aho iee specific formatumi, 

Archimedes limestone, water in, in Arkansas W 114, 145 

Areas of ground-water discharge, methods of determining.. W423 
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Aiey, M. F., Underground irater resources of Iowa W 293 

Aiikaree formation, water in, in Colorado P 32 

water in, in Nebraska.^ W426b; A19ivc; P17,32; GF 87,88 

in South Dakota W 227; P32 

in Wyoming W425b; P32 

Aristotle on origin of ground water A 14nb 

Aiizona, absorption of water in W 104 

areas, Bisbee quadrangle GF 112 

Clifton quadrangle GF 129 

Gila Valley W 104 

Globe quadrangle GF 111 

Maricopa County B 298 

Navajo country • W 380 

northeastern W380 

northern B436 

northwestern B352 

Paradise Valley W375b 

Patagonia Mountauis B 682 

Phoenix and vicinity W 2, 136, 375 b 

Pima Indian Reservation W 104 

Salt River Valley W 136 

San Bernardino Valley W320 

San Pedro VaUey , W320; A21iva 

San Simon Valley W426a 

Santa Rita Mountauis B582 

Boutheastem W 320, 425 a 

Sulphur Spring Valley W320 

west-central B852 

artesian water in '. W 320, 380, 425 a; B435; A 21 nr a; GF 112 

bibliography of ground water in W 149, 163 

evaporation of ground water in W 2 

infiltration ditches in W 104 

irrigation with ground water in W 104, 136, 320, 375 b, 425 a; A16ne 

minewaterin W364; B 582; GF 112 

mineral water in B 32; MR 1883-1916; GF129 

perched water in W320 

pumping in, cost of W 104, 136, 320 

quality of ground water in W 104, 320, 364, 375 b, 425 a; B 32; GF 129 

salt water in W 136; GF 129 

spring records for B 32 

springs in, thermal B 32, 582 

temperature of ground water in W 320; B 32, 352, 582 

underflow in W104 

watering places in W380; B 352 

well at Adamana, record for B 540 p 

wells in, blowing W258 

cost of W320 

recCMrdafor W57,149; B 298 

Arkansas, areas, all of State W 102 

areas, Hempstead County B 298 

Hot Springs and vicinity W 145 

northeastern W 399 

northern W 114, 146 

Ozark region WHO, 146 



Digitized by 



Google 



58 PtJBUCATlONS BELATING TO GKOUND WATER. 

Arkansas, areas, southern / W 114; P 46 

Tahlequah quadrangle GF 122 

Winfllow quadrangle W145; GF154 

artesian water in W 114,146,399; P46 

bibliography of ground water in W 114, 120, 149, 163 

irrigation with ground water in W 399 

law relating to ground water in W 152 

mineral water in W114,145; B 32; MR 1883-1916; GF 164 

public water supplies in W 399; P 46 

quality of ground water in W 102, 

145, 364, 399; B 32, 330, 491, 606, 616; P 46; GF 154 

radioactive waters in MR 1913 n h 

rice irrigation in, history of u W 399 

spring records for B 32 

spring waters in, temperature of B 32 

springs in, size of W 145 

thermal W 146 

wells in, blowing W 258 

construction of W 146; P46 

cost of W399; P 46 

drainage into W 160 

recordsof W57,149,399; B264,298 

Arnold, Ralph, Santa Cruz folio, Cal GF 163 

Arsenic in ground water W338; B47; MR 1911 n n 

Artesian basins produced by settling of strata A 21 iv c 

Artesian pressure, &ctors influencing ' A 5c; B 319 

methods of measuring W 118, 145 

Artesian springs W 90, 255, 278, 338; A 21 nr c 

Artesian water, absorption areas for A5c 

apparatus showing loss of head in W 12, 54, 227; A 17 n g, 19 iv c; P 17, 32, 52 

barometric pressure in relation to B 319; GF 156 

bibliography of W 54 

bounties for discovering '. W 122 

confining beds for A 5 c, 21 iv c; B 319 

conservation of W 142, 

145, 158, 219, 225, 234, 256, 278, 293, 400 b, 423, 425 a; S 8, 12 

cost of recovering, in California W 222, 398 

in Montana W400b 

in Nevada W 375 d, 423 

criteria useful in prospecting for A5c; S8 

definition of W 160, 341 ; S 9 

deformation in relation to B 606 

depth in relation to A5c 

dip of strata in relation to ^ A 5 c 

early investigations of : A 11 n c 

escape of , in wells W 118, 257; A 5c 

fallacies regarding W 278, 380; B 319 

faults in relation to A 18 n b 

gas in, flows produced by A5c 

head of, atmospheric effects on B 319; GF 156 

climate in relation to S 6, 12 

density in relation to B 319 

depth in relation to A 5 c; GF 168 
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Arteeaan water, head of, fluctuations in W 34, 101, 240, 256, 319; GF 156; S 6, 8, 12 

head of, gage for measuring W 145 

loss in W 59, 60, 90, 137, 138, 139, 142, 146, 219, 240, 255, 256, 

293, 425 a; A 17 n g; GF 96, 97, 99, 100, 113, 114, 156; S 8, 12 

measurement of W 118,145 

river stage in relation to GF 156 

Salton Sink in relation to W 225 

temperature in relation to B 319 

water table in relation to W 256, 293; A5c; S9. 

"high-level flows" of W 320 

hot, in Idaho G F 45 

in Montana W400b 

hot fiprings in relation to W 400 b 

in Alabama W 114; S2 

in Algeria A 11 n c 

in Algonkiian formations W 256 

in Antigua S 10 

in Arapahoe formation M27 

inArkansas W 114, 146, 399; P 46 

in Arizona W 320, 380, 426 a; A21iva; GF 112 

in Atlantic Coastal Plain W 258; B 138 

in basins fed by joints B 319 

in bedding planes B 319 

in Benton formation GF 96, 99, 100, 113, 114 165 

in Boone formation GF 148 

in California W 45, 59, 60, 89, 137, 138, 142, 146, 181, 213, 222, 224, 256, 278, 398; 

GF 138, 163, 193; S 6 

in Calvert formation GF 136, 137, 162 

in clay A 21 vn 

in Colorado W 9,240; A 16 n f, 17 n f; M 27; P 32,62; B 265,360,531 c; 

GF 36, 68, 68, 71, 136, 198, 203 

in Connecticut W 232, 374, 397 

in contact planes B 319 

in crystalUne rocks W 106, 146, 160, 232, 374, 397 ; A 6 c ; GF 149, 167, 158 ; S 9 

in Dakota sandstone^. . . W 6, 12, 34, 215, 216, 227, 256; A 16 n f, 17 n f, 17 n g, 18 
IV c, 19 IV c, 21 IV c; M 25,27; P 17,32,62, 66rB 350; GF 68,71,85, 
87, 88, 96, 97, 100, 107, 108, 113, 114, 127, 128, 136, 150, 156, 164, 166, 168 

in Deadwood sandstone W 227 ; P 32 ; GF 164 

in debris-filled basins.. . W 142, 181, 219, 225, 240, 277, 278, 320, 333, 343, 376 d, 423 

in Denver formation M 27 

in deserts W 277 

in District of Columbia B 138; GF 70, 152 

inDebtware B138;GF137 

in eastern United States W 114 

in Ellensburg formation W66,118;GF86 

in faults B 319 

in fissured rockJ W 160, 232,374,397; A 5 c 

in Florida W319 

in foliation planes B 319 

in Fox Hills formation M 27 

in Fredericksburg group A 21 vn 

in frost crusts ^ B 319 

in Galena limestone W 256, 293 ; GF 146; S 9 

ihO^iglA W 67,341; B 138; 8 4, 11 
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Artesian water, in glacial dnlt W 182, 183, 254, 266, 293; A 17 ii g, 17 n h, 18 iv b, 

19 IV b; M 38; P 44; GF 96, 97, 99, 100, 113, 114, 117, 140, 165, 157, 166, 168; S 9 

in Glen Rose formation A 21 vn 

ingneiffl W106;GF157 

in Grand Falls chert GF148 

inHawaii W 318, 336, 873, 430; S 12 

in Higb Plains A21ivc 

in Idaho W 64, 78; B 199; GF 45, 103, 104 

in Illinois A 17iih;M38;B438,506;GF67,81,195; S 3 

in Indiana W 26, 114, 264; A 18 iv b; GF 67 

in Iowa W 146, 293; GF 145, 156 

in joints W 160, 232, 266; B 319 

in joints confined by alluvium B 319 

in joints confined by sea water B 319 

in Kansas W 6, 273 ; A 16 n f , 21 iv c ; P 32; GF 148 

in Kentucky W 164, 233 

in lacustrine deposits W 217, 220, 277, 333, 425 a 

in Lakota sandstone P66;GF 107, 108, 127, 128, 150, 164 

in Laramie formation * M 27; GF 87 

in lava W4,65;B 252; S 12 

in lava and interbedded alluvium W 4, 54; B 199 

in Lloyd sand P 44 

in Louisiana W101;P46 

in Magothy formation GF 152 

in Maine W 145, 223, 258; GF 149, 158 

inMaryland B 138; GF 23, 70, 136, 137, 152, 160, 179, 182, 204 

in Michigan W 30, 145, 160, 182, 183; GF 155, 205 

in mineral crusts B 319 

inMinnelusa formation GF 128, 160, 164 

in Minnesota W 114, 256; M 26; GF 117, 201 

in Mississippi W 159 

in Missouri -. W 196; B 438; GF 148 

in Monmouth formation GF 137 

in Montana : W221,346g, 400b;B646;GF55,128 

in Montana clays M 27 

in Myrick formation W 375 g 

in Nebraska W12,29, 184,215,216,425 b; A 16 n f, 19 iv c; 

P 17, 32; GF 85, 87, 88, 108, 156 

in Nevada W 289, 366, 376 d, 423, 425 d 

in New Jersey W 106; B 138; GF 157, 162 

in New Mexico W 123, 188, 343, 380, 422; GF 199 

in New York W110,146;B 138;P44;GF 169 

in Newark sandstone W232;GF157 

in Niagara limestone A 19 iv b; GF 145; S 9 

in North Carolina B138;GF80;S5 

in North Dakota A 17 n g; M 25 ; B 675; GF 117, 168 

in Ohio W 114, 259; A 18 i/v b, 19 iv b; GF 197 

in Oklahoma W 148 

in Oregon W 78, 220, 231; B 252; GF 103 

in Paluxy sand A 21 vn 

in Pecos Valley, New Mexico W 158 

in Pennsylvaida W 106; B 138,531 d;GF 102, 121, 133, 160, 179, 189 

in Pierre shale GF165 

in Platte viUelime^ton^ , ,• .-.•• GF145;89 
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ArtesiAii water in Pleistocene coastal clays A 21 yn 

in Potomac group B 138; GF 137, 162 

in Potsdam sandstone W 256,293; A 17 u h; M 38; GF 81,140, 145; S 9 

in preglacial channels A 19 ly b 

inquartsdte W256 

in Quaternary stream deposits W 6 

nn rocks overlain by drift W 145, 256 

in St Peter sandstone W 233,256,293; A 17 ii h; M 38; B 438; 

GF 81, 140, 145, 148; 8 9 

in sand at surface W145;B 319;P44 

in Sioux quartzite overlain by glacial drift W 256 

in slate W258 

in solution passages B 319 

in South Carolina B138; P90h 

in South Dakota W 34, 90, 227, 428; A 17 n g, 18 iv c; 21 iv b, P 32, 

65; B 575; GF 85, 96, 97, 99, 100, 107, 108, 113, 114, 128, 156, 164, 165 

in trap rocks B 319 

in Tennessee W164 

in Terrell reservoir A21vn 

in Texas '. W 13, 71, 190, 191, 276, 

335, 375 g; A 18 n b, 21 vn; B 164; GF 42, 64, 76, 194; SI 

in Triassic formations W232; M27; GF167 

in Trinity sand A21vn; GF76 

in unconfined horizontal beds W 145; B 319; P44 

in Utah W 157, 199, 217, 277, 333 

ii^valleyfill W89, 137, 138, 

142, 181, 199, 219, 220, 222, 225, 240, 277, 278, 320, 333, 375 d; GF 163 

in Vermont W114 

in Virginia B 138; GF 23, 70, 80; S 8 

in Wasatch formation P 53 

in Washington W 4, 55, 75, 118, 316; B 108; GF 86, 106 

in weathered rocks beneath clays B 319 

in West Virginia GF 160, 179 

in Wisconsin GF 140, 146; 8 9 

in Woodbine sand A 21 vn 

in Wyoming W425b; A21ivb; P32, 51,53, 

65; B 285, 364, 543, 641, 666; GF 107, 127, 128, 141, 142, 150, 173 

irrigation with, developments of , about 1890 A line; 13 ma 

early development of A 16 n 

general A5c 

inAlgeria W 136; Allnc 

in Arizona ^ ; W425a; A21iva; B 435 

in California W 137, 138, 139, 142, 219, 222, 225, 278, 398 

in Cobrado W 240 

in Egypt W136 

in Geoigia S 4 

in Minnesota M 25 

in Montana W 400 b 

in Nevada W 375 d, 423 

in New Mexico W 158, 425 a 

in North Dakota A17ng; M26 

in South Dakota A 16ne, 17 ng, 18ivc 

in Texas Wl3,71,375g 

in Washington ,, ,.,...,..,,,,.,,,,, W56 
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Arteeian water, lakes produced by A 18 rv c 

law relating to W 55, 78122; S 3, 12 

leakage of W 118, 257 ; A 6 c 

methods for detecting W 118; A 5 c 

maps showing. See under Maps. 

methods for increasing A5c 

movements of B €06 

See also under Movements of ground water. 

origin of W 101, 158; A5c; M27; B 319; GF97,117 

*'pit flows" of W277 

perched bodies of W320 

power developed from W 67; A 17 n g; GF 168; S 4 

principles of W 114, 118, 195, 254, 257, 341, 366, 399; B 319; 

A 5 c, 14 II a, 21 iv c, 21 vn; M 27; P 44, 46; GF 68, 71, 86; S 2, 9 

significance of term W 160 

temperature of. See Temperature of artesian water. 

unusual conditions of W 145, B 319 

''Artesian wedges," nature of .• B 199 

Artesian wells, clogging of ,. W 293 

closing of W 90, 227 ; A 17 n g 

diameters of, in relation to yield W 293 

detecting of flows in W 118 

gases in relation to yield of A 5 c 

in United States prior to 1890 A 13 m a 

interference of A 19 n c 

large yields of W 67, 158; GF 20!^ S 12 

laws of flow in A 19 n c 

leaks in W 118, 257; A5c 

management of W 227 

methods of controlling W 118; A 5 c 

temperature of watei* in relation to yield of A 5 c 

yield of, diameters in relation to W 293 

effect of density on B 319 

effect of gases on A5c 

effect of temperature on A 5 c; B 319 

effect of weather on W 258 

methods of measuring W 110, 219, 240, 257 

principles of W 293 

seasonal variations in W 240; S 12 

See dUo Artesian water, and Well construction. 

Ashley, G. H., Ditney folio, Ind GF 84 

Geologic structure of Punxsutawney, CurwensviUe, Houtzdale, Bames- 

boro, and Patten quadrangles. Pa B 531 d 

Nicholas quadrangle, W. Va W 145 "^ 

Water resources of the Middlesboro-Harlan region of southeastern Kentucky. W 1 10 

Asia, irrigation with ground water in W 1 

pumping in W 14 

well drilling in W 257 

See also China, India, Japan, Persia, Russia, otm/ Turkestan. 

Aspirator for mechanical analysis of soil W 67 

Assays of groimd water in Arkansas W 399 

in California W 398 

inGeoigia S4 



Digitized by 



Google 



INDEX, 63 

AsBays of PTound water in Indiana. , W 254 

in Kansas W 273 

in Kentucky W 233 

in New Mexico W 275 

in North Carolina S 5 

in Utah W333 

Aflsays of water, accuracy of W 161, 398 

analyses compared with ^ W 398 

apparatus for making W 151 

computation of . / W 151, 398 

for bicarbonates W 151 

for calcium W 151 

for carbonates W 151 

for chlorides W 151, 398 

for color : W 151 

for hardnesiB : . . . . W 151, 398 

for iron W 151 

for sulphates W 151, 398 

for turbidity. ." W 151, 398 

methods of making W 151, 193, 398 

reagents for W 151 

Atlantic Coastal Plain. See individual States. 

Atmospheric effects on wells. See under Wells. 

Auriferous gravel, water in, in Cahfomia GF 66 

Austin formation, water in, in Texas W 276; A 13 n b; GF 64 

Australia, bibliography of ground water in W 163 

deep wells in W 257 

Austria-Hungary, bibliography of ground water in .W 163 

quality of ground water in B 330, 491, 616; MR 1916 

radioactive waters in MR 1913 n h 

B. 

Bacteria in ground water W 193,266,259,335,341,398,399; S 11 

Bacteriological analysis of water W 19i3, 315 

Bailey, £. H. S., Stream pollution by mine waters in southeast Kansas W 273 

Ball, S. H., Southwestern Nevada and eastern CaUfomia B 308 

Baluchistan, ground water in, bibliography of W 163 

Barbour, E. H., Wells and windmills in Nebraska W29 

Barium in ground water W254,338,399; B47; MR 1911 ii n 

Barker, F. C, Irrigation in Meeilla Valley, N. Mex W 10 

Bamett, V. H., Standing Rock and Cheyeime River Indian reservations, N. 

Dak.-S. Dak B 675 

Barometric effects on wells. See under Wells. 
Barriers to ground water. See under Dams. 
Basalt. See Lava. 

Bascom, Florence, Water resources of Philadelphia district, Pa.-N. J.-Del W 106 

Philadelphia folio, Pa.-N.J.-Del GF 161 

Trenton folio, N. J.-Pa '. GF 167 

Basins. See Debris-filled basins. 

Baskets, swinging, for lifting water W 1 

Basdn, E. S., Eastport folio, Maine GF 192 

Economic geology of Gilpin County and adjacent parts, Colo P 94 

Penobscot Bay folio, Maine GP 149 

Rockland folio, Maine GF158 

66122*^— 18—wsp 427 5 
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Batesville sandstone, water in, in Arkansas W 114, 146 

Bayley, W. S., Passaic folio, N. J.-N. Y GF 157 

Raritan folio, N.J GF 191 

Underground 'w^aters in Maine W 114 

Underground waters of southern Maine W 223 

Wells and springs in Maine W 102 

Beal, C. H., Geologic structure in Gushing oil and gas field, Okla., and its rela- 
tion to oil, gas, and water B 658 

Beaumont clay, water in, in Texas '. W 335 

Beckwith formation, water in, in Wyoming • P 56 

Bedding planes, water in W 114, 254; B 319 

Beekly, A. L., Geology of Standing Rock and Cheyenne River Indian reser- 
vations, N. Dak.-S. Dak , B 575 

Belgium, ground water in, bibliography of W 163 

radioactive water in MR 1913 ii h 

Benton formation, water in, in Kansas W 273; P 32 

in Nebraska W 216 ; P 32 

in South Dakota W 90, 227; P 32; GF 96, 97, 99, ibO, 113, 114, 165 

in Wyoming : P 32; B 364; CF 173 

Berea grit, water in, in Michigan W 31 

water in, in Ohio , W 114 

Berea shale and grit, water in, in Michigan W 30, 114 

Bermuda Islands, bibliography of ground water in W 163 

Bibbins, Arthur, Patuxent folio, Md -D. C '. GF 152 

Tolchester folio, Md GF 204 

Bibliography, absorption of water W 294 

analyses of American mineral water MR 1913 ii h, 1916 

analyses of water B 330, 491, 606, 616; MR 1913 ii h, 1916 

artesian water "W 54 

blowing wells W 155 

deep wells W 57, 61 

' * divining rod " W 416 

evaporation... W 155, ^ 

fluctuations of water table W 155 

ground water, in Alabama W 114, 120, 149, 163 

in Alaska W 120, 163 

in Algeria W 163 

in Arizona W 149, 163 

in Arkansas W 114, 120, 149, 163 

in Australia W 163 

in Austria-Hungary W 163 

in Baluchistan W 163 

in Belgium W 163 

in Bermuda Islands W 163 

in Brazil W 163 

in British Cdlumbia W 163 

in California W 57, 120, 142, 149, 163 

in China W 163 

in Colorado W 57, 120, 149, 163 

in Colorado River basin \ W 340 

in Connecticut W 114, 120, 163 

in Cuba W 163 

inDelaware W 114,120,149,163 

in Deniaark, ,,,,,,,,*. , ,,,,,.,,,, , , , , , W lea 
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Bibliography, ground water, in District of Columbia W 114, 120, 163 

in Egypt W 163 

in England W 163 

in Florida W 114,120,163 

in France W 163 

in Georgia W 57, 114, 120, 149, 163 ; S 4 

in Germany W 163 

in Great Basin : W 340 

in Gulf of Mexico drainage basins W 340 

in Hawaii W 163 

in Holland W 163 

in Hudson Bay drainage basin W 340 

in Iceland W 120 

in Idaho : . W 120, 163 

in lUinoiB W 57, 114, 120, 149, 163, 164 

in India W 120, 163. 

in Indiana W 57,114,120,149,163 

in Iowa W 57, 114, 120, 149, 163 

in Italy W 163 

in Japan W 163 

in Kansas '. W 67, 120, 149, 163 

in Kentucky. W 57, 114, 120, 149, 163, 164, 233 

in Louisiana : W 114, 120, 149, 163 

in Maine W 114, 120, 163 

in Maryland W 114, 120, 149, 163 

in Massachusetts W 114, 120, 163 

in Mexico W 163 

in Michigan , W 57, 114, 120, 149, 163 

in Minnesota W 57, 114, 120, 149, 163 

in Mississippi W 114, 120, 163 

in Mississippi River basin W 340 

in Missouri W 57, 120, 149, 163, 340 

in Montena W 120, 163 

in Morocco W 163 

inNebraska W 61,120,149,163 

in Nevada W 120, 163 

in New Hampshire W 114, 120, 163 

inNew Jersey W 61,114,120,149,163 

in New Mexico W 61, 120, 149, 163 

in New South Wales W 163 

in New York W 61, 114, 120, 149, 163 

in New Zealand W 163 

in Nicaragua W 163 

in North Atlantic drainage baaLns W 340 

in North CaroUna W 61,114,120,149,163; S5 

in North Dakota W 61,120,149,163 

in Ohio W 61, 114, 120, 149, 163 

in Ohio River basin W 340 

in Oklahoma W 120, 163 

in Oregon W 120, 163 

in Pacific slope basins W 340 

in Pennsylvania W 61, 114, 120, 149, 163 

in Porto Rico ,,, , , V WO 
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Bibliography, ground water, in Rhode laland W 114, 120 

in St. Lawrence River basin W 340 

in South Atlantic coast basins W 340 

in South Carolina W 61, 114, 120, 149, 163 

in South Dakota _ W 61, 120, 149, 163 

in Tennessee * W 114, 120, 149, 163, 164 

in Texas W 61,120,149,163 

in Utah ' W 120, 163 

in Vermont W 114, 120, 163 

in Virginia W 61, 114, 120, 149, 163 

in Washington W 120, 163 

in West Virginia W 61, 114, 120, 149, 163 

in Wisconsin W 61, 114, 120, 149, 163 

in Wyoming W 61, 120, 149, 163 

ground-water literature in 1905 W 163 

mineral waters, general W 120, 163; MR 1905, 1916 

mineral waters in United States W 120, 163; MR 1905, 1916 

movements of ground water , A 19 n c 

percolation .' W 294 

pumping appliances , W 343 

radioactivity of ground water MR 1913 d 

United States Geological Survey publications on ground water, 1879-1904. W 120 

prior to 1916 W 340 

water in crystalline rocks W 232 

"water witching'' W 416 

weirs W 150, 200 

Bicarbonates in ground water W 254, 259, 273, 338, 341, 398; MR 1911 

Bighorn limestone, water in, in South Dakota P 32 

water in, in Wyoming P 32 

Bingen formation, water in, in Arkansas W 114; P 46 

water in , in Louisiana W 1 1 4 

** Birds-eye" limestone, water in, in Ohio W 259 

Black alkali in ground water W 320, 343 

Black Creek formation, water in, in North Carolina S 5 

Blackwelder, Eliot, Laramie-Sherman folio, Wyo GF 173 

Bleaching, quality of water for W 254, 398 

Blowing Springs S 4 

Blowing wells. See under Wells. 

Boiler compounds W 398 

Boiler use of ground water. See under Quality and Analyses. 
Bolson deposits. See Valley fill. 
Bolsons. See Debris-filled basins. 

Bone Valley gravel, water in, in Florida W 319 

Boone formation, water in, in Arkansas W 145; GF 122, 154 

water in, in Kansas GF 148 

in Missouri GF 148 

in Oklahoma GF 122, 132, 154 

Borates in ground water W 338; B 47, 330, 491, 616; MR 1911 ii n 

Boring of wells. See under Well construction. 

Boston formation, water in, in Arkansas W 145 

" Bottom water," relation of, to oil B 658 

Bounties for diacovering artesian water , , , , , , . . W 122 
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Boutwell, J. M., Becordfl of wells and springB in New Hampahire W 102 

Bowman, Isaiah, Well records on Long Island, N. Y P 44 

East St. Louis district, Illinois S 3 

Problems of water contamination W 160 

Flowing wells and municipal water supplies in southern Peninsula of Mich- 
igan A W182 

Well-drilling methods W257 

Bownocker, J. A., Columbus folio, Ohio GF 197 

Boyce water lift W 14 

Boyd, David, Irrigation near Greeley, Colo W 9 

Branner, J. C, Santa Cruz folio, Cal GF 163 

Brazil, ground water in, bibliography of W 163 

Breathing wells. See Wells. 

Breccia, water in, in California W 375 a 

Brewing. See under Quality. 

Brine. See under Quality and Salt water. 

British Columbia, ground waterin, bibliography of W 163 

Bromides in ground water W 31, 233, 338, 398; B 47; MR 1911 n n 

Brown, C. W., Penobscot Bay folio, Maine GF 149 

Brownstown formation, water in, in Arkansas P 46 

Brule clay, water in, in Colorado P 32 

waterin, in Nebraska W 426 b; A 19 iv c; P 17, 32 

in South Dakota P 32 

in Wyoming '. W 425 b; P 32 

Bryan, Kirk, Sacramento Valley, Cal W 376 a 

Bucket lifts W 1,14 

Burgeon sandstone, water in, in Pennsylvania GF 133 

Buried channels, water in W 273, 293 

Burlington limestone, water in, in Illinois B 438, 506 

water in, in Iowa W 293 

in Missouri ^ W 195; B 438 

Butts, Charles, Bamesboro-Patton folio. Pa GF 189 

Birminghkm folio, Ala GF 175 

Ebensburg folio. Pa ." GF 133 

Warren folio, Pa.-N.Y GF 172 

C. 

Caesium in ground water B47 

Calcium, field testa for W 157 

in ground water. See under Analyses, Analysis, and Quality. 

Calculus applied to movements of ground water A 19 ii c 

California, analyses of mine waters in W 364 

areas, Alameda County B 298 

all of State W 338 

Antelope Valley W 278 

Bakersfield and vicinity W 17 

Cache Creek W 45 

Coachella Valley W 225 

Coastal Plain of southern California W 137, 138, 139 

Colfax quadrangle GF 66 

Colorado Desert W225 

Colton and vicinity W 59, 60 

Concord quadrangle GF 193 

Death Valley B540n 
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California, areas, eastern B 308 

areas, foothill belt east of Los Angeles W 219 

Fresno apd vicinity W 18 

Haywards quadrangle , GF 193 

Indian Wells Valley 8 7 

Indio region W 225 

Kings River Delta W58 

Los Angeles River valley W 112; A 21 iv a 

Lytle Creek valley A 21 iv a 

Marysville quadrangle GF 17 

Mission Valley A 21 rv a 

Mohave Valley A 21 rv a 

Monterey County. . . .* B 264 

Morgan Hill district W400e 

NilesCone W345h 

Orange County B 298 

Owens Valley W 181, 294 

Redding quadrangle GF 138 

Sacramento Valley W 375 a 

Salinas Valley W89 

Salt Wells Valley S7 

San Bernardino Valley W59,60,142; S6 

. San Diego County W 52; B 264 

San Francisco quadrangle GF 193 

San Joaquin VaUey W 222, 398; B 653 

San Luis Obispo County B 298 

San Luis quadrangle GF 101 

San Mateo quadrangle GF 193 

Santa Barbara and vicinity W 116 

Santa Clara County B 298 

Santa Clara Valley W345h, 400e 

Santa Cruz quadrangle GF 163 

southeastern W 224 

southern W 146, 213, 219, 331 

Tamalpais quadrangle GF 193 

Truckee quadrangle r GF 39 

Tulare County B 298 

Ventura County B 298 

artesian water in W 45, 59, 60, 89, 137, 138, 139, 142, 146, 181, 213, 

219, 222, 224, 225, 278, 398; GF 138, 163, 193; S6 

auriferous gravels of, water in GF 66 

bibliography of ground water in W 57, 120, 142, 149, 163 

cost of pumping in W 116, 137, 138, 139, 219, 222, 398 

cost of wells in W 137, 138, 139, 142, 219, 222, 225, 278, 398 

evaporation in W 18, 58, 181, 294, 345 h 

infiltration tunnels in W 116; A 19 n b; GF 193 

irrigation with ground water in . . W 17, 45, 58, 59, 60, 89, 116, 137, 138, 139, 142, 181, 

219, 222, 225, 278, 345 h, 375a, 398, 400 e ; A 16 n e 

law relating to ground water in W 122, 152 

mineral water in W 338; B 32; MR 1883-1916; GF 39, 101 

public water supplies in W 59, 60, 116, 345 h; GF 193 

pumping tests in W 140, 398 
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California, quality of ground water in. . . W 68, 59, 116, 137, 138, 139, 142, 224, 225, 278, 

338, 398; B 32, 529, 540 n, 606, 652; MR 1916; GF 17, 39 

seepage water in W 18, 58; A 19 n b 

springsin W 177,251,298,300,338,370; B 32; GF 39 

temperature of ground water in W 142; B 32; GF 39 

underflow of Los Angeles River in W 112 

of Mohave River in W 140 

of Rio Hondo in.. .^ W 140 

of San Gabriel River in WHO 

water table in, fluctations of . . . . W 58, 142, 213, 219, 251, 331, 345 h, 400 e; GF 193 

watering places in W 224; B 308 

well recordsdFor. W57, 149; B 264.298 

California well casing. See Well casings and Well construction. 

Calkins, F. C, Geology and water resources of east-central Washington W 118 

Oalooeahatchee marl, water in, in Florida W 319 

Calvert, W. R., Geology of Standing Rock and Cheyenne River Indian reser- 
vations, N. Dak.-S. Dak 575 B 

Calvert formation, water in, in Delaware GF 137 

water in, in Maryland GF 136, 137, 152, GF204 

Cambrian formations, water in, in Alabama W 114; GF 175; S 2 

water in, in Connecticut. W 374 

in Delaware .".... W 106 

in Georgia W114; S4 

in Illinois W 114; A 17 n h; M 38; GF 81, 145, 200 

in Iowa : W 114, 145, 293; GF 145, 200 

in Kansas GF 148 

in Maine ^ GF 149, 158 

in Maryland GF 179, 204 

in Minnesota W 114, 256 

in Missouri W 114, 145, 195; GF 148 

in Nebraska P32 

in New Mexico GF 199 

in New York W 114 

in North Carolina GF 124, 147, 151 

in Ohio W259 

in Pennsylvania W106, 110, 114; GF 162, 179 

in South Carolina GF 147 

in South Dakota. W 227, 428; A 21 iv b; P 32, 65; GF 107, 127, GF 128, 164 

in Tennessee GF 124, 151 

in Virginia W 114 

in West Viiginia W 114, 179 

in Wisconsin W 114, 145; GF 140, 145; S9 

in Wyoming A21ivb; P 32, 51, 65; GF 107, 127, 128, 150 

See also specific forrnations. 

Campbell, M. R., Bamesboro-Patton folio, Pa GF 189 

Danville foUo, Ill.-Ind GF67 

Geologic structure of Punxsutawney, Curwensville, Houtzdale, Barnes- 

boro, and Patten qiiadrangles. Pa B 531 d 

Canada, ground water in, bibliography of W 163 

southern Manitoba M 25 

Canyon formation, waterin, in Texas W317 

Capacity of rocks for water. See Quantity and Porosity. 
Capacity of wells. See under Wells. 
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Cape Fear formation, water in, in North Carolina S 6 

Capillarity, fluctuation of water table in relation to W 155 

ground water in relation to M 47 

water retained by A 19 n b 

Capillary discharge of ground water, in California W 294; S 7 

in Kansas W 153 

in Nevada ,.... W 375 d, 423 

from sand f " A 19 n b 

Capillary movements of ground water A 19 n b 

Capillary rise of ground water, height of W294, 343; A 19 n b 

rate of W 153, 294 

Capps, S. R., Undeiground waters of north-central Indiana W 254 

Carbonates in ground water .^ W 254, 

269, 273, 338, 341, 398; B 330, 491, 616; MR 1911 n, 1916 

Carbonation produced by ground water M 47 

Carboniferous formations, water in, in Alabama W 114; GF 176; S 2 

water in, in Arizona W380; B 435 

in Arkansas WHO, 114, 146; GF 122,154 

in Colorado P 32, 52 

in Georgia W114; S4 

. in Illinois... W 114; A 17 n h; B 438, 506; M 38; GF 105, 186, 188, 196; S 3 

in Indiana W26, 114, 264; AlSivb; GF 105 

in Iowa W 114, 293 

in Kansas W273; P32; B 238; GF 148, 159, 206 

inKentucky W 114; GF 184, 233 

inMaryland WHO, 114; GF160, 179 

in Michigan , W 30, 31, 114, 182-183 

in Mississippi W 114 

in Missouri W114, 196; B 438; GF 148, 206 

in Montana W 221 

in Nebraska W12; A19ivc; P 17, 32 

in New Mexico W 123, 158, 343; B 436 

in New York GF 172 

in Ohio W91,114; A 18 iv b, 19 iv b; GF 184 

in Oklahoma W 148; B 641b, 691c; GF 122, 132, 154 

in Pennsylvania W 110, 

114; B 300, 531 d; GF 102, 121, 123, 133, 144, 146, 160, 172, 174, 189 

in South Dakota W 227, 428; A 21 iv b; P 32, 65; GF 107, 127, 128, 164 

in Tennessee W 114 

in Texas W 164, 191, 276, 317; A18nb; GF 194 

in Utah W380 

in Virginia W 1 14 

in West Virginia W 110, 114; GF 160, 179, 184 

in Wyoming A 21 nr b; 

P 32, 61, 53, 65; B 364; GF 107, 127, 128, 141, 160, 173 
8te aho spedfic formations. 

Carpenter, Everett, Ground water in Boxelder and Tooele counties, Utah W 333 

Ground water in southeastern Nevada W 365 

Casings in wells. See Well casings. 

Casper formation, water in, in Wyoming B 364; GF 173 

Castle Kayne formation, water in, in North Carolina S 6 

Catahoula formation, water in, in Arkansas P 46 

water in, in Louisiana W 114; P46 

in Texas W336 
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Catchment areas. See Origin of ground water and Abeorption of water. 

Caverns, deposits made by ground water in W 233, 258; A 18 n b 

formed by ground water, in Florida W 319 

in Kentucky W 233 

watcfr in W 114, 233, 255, 258, 319; A 18 iv b, 21 iv c; S 3 

pollution of W 233, 258 

See aho Pollution of water and Sink holes. 
Caves. See Caverns and Sink holes. 

Cellars, drainage of, into wells W 258 

Cementation produced by ground water , M47 

Chadron sandstone, water in, in Colorado. P 32 

water in, in Nebraska A 19 iv; P 17, 32; GF 156 

in South Dakota W227; P32 

in Wyoming P32 

Chalk, water in, in South Dakota GF 100, 113, 114, 156 

Chalybeate waters. See Quality of ground water in regard to iron. 

Chamberlin, T. C, Requisite and qualifying conditions of artesian wells A 5 c 

Chambers, A. A., Comparison of American and European mineral waters. . MR 1916 

Chandler, A. E., Water storage on Cache Creek, Cal W 45 

Chanute shale, water in. in Kansas B238 

Character of ground water. See Analyses, Pollution, and Quality. 

Chattahoochee formation, water in, in Florida W 319 

water in, in Georgia W341 

Chemistry of ground water. See Analyses, Analysis, Pollution, Purification, 
oiuf Quality. 

Cherokee shale, water in, in Missouri W 195 

Che8ax>eake group, water in, in Atlantic Coastal Plain B 138 

water in, in Maryland GF 23, 204 

in North Carolina S 5 

in Virginia... W 114; GF23; S8 

Chester group, water in, in Illinois W 114; B 438 

water in , in Indiana W 114 

in Missouri W 195; B438 

Chester Valley limestone, water in, in New Jersey W 106 

water in, in Delaware. . . & W 106 

in Pennsylvania W 106 

Chickamauga limestone in Georgia 1 8 4 

Chickies quartzite, watisr in, in Delaware W 106 

water in, in New Jersey W 106 

in Pennsylvania W106; GF162 

China, ground water in, bibliography of W 163 

weU drillingin W 257 

Chlorine in ground water. See Analyses, Analysis, Pollution, and Quality. 

Chlorine, normal, in ground water, in Connecticut W 144, 232 

in Georgia S 4 

in Maine W 144, 223 

in Massachusetts W 114,144 

in Minnesota W 256 

in New Hampshire '. W 144 

in New York W 144 

in Ohio W259 

in Rhode Island W 114, 144 

in Vermont W 144 

in Virginia.... S8 
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Choctawhatchee marl, water in, in Florida W 319 

Chouteau limestone, water in, in Missouri W 195 

Chugwater formation, water in, in Wyoming B 364, 666; GF 173 

Cincinnati shale, ground water in relation to, in Wisconsin S 9 

Cincinnatian formations, water in, in Indiana W 254 

Circulation of ground water. Su Movements of ground water. 

Cisco formation, water in, in Texas W 317 

Cisterns, catchment areas for A 14 n a 

combined with wells W 255 

construction of W 256; A 14 n a 

effect of *'creep "on A 14' n a 

in arid regions W 380 

pollution of W255; S8 

types of A 14 n a 

City water supplies. See Public water supplies. 

Clack valves in pimips W 14 

Claiborne formation, water in, in Arkansas W 399; P 46 

water in, in Georgia W 341 

in Louisiana P 46 

in Mississippi W 159 

Clapp, F. G., Amity foUo, Pa GF 144 

Barnesboro-Patton folio, Pa GF 189 

Bibliography of ground-water literature in 1906 ' W 163 

Composition of mineral springs in Maine W 258 

Economic geology of the Amity quadrangle, Pa B 300 

Patoka folio, Ind.-Ill GF 105 

Rogersville folio. Pa GF 146 

Undergroimd waters near Manassas, Va W 258 

Undergroimd waters of southern Maine W 223 

Underground waters of southwestern Ohio W259 

Water resources of the Curwensville, Patton, Ebensburg, and Bamesboro 

quadrangles, Pa, W 110 

Well waters in the slates of Maine W 258 

Clark, W. B., Coastal Plain of North Carolina S 5 

Philadelphia foUo, Pa.-N. J.-Del GF 161 

Trenton folio, N. J.-Pa GF 167 

Clark, W. O., Ground-water resoiu-ces of the Niles cone area, Cal W 345 h 

Ground water for irrigation in the Morgan Hill area, Cal W 400 e 

Clarke, F.W., Data of geochemistry B 330, 491, 616 

Water analyses W 364 

Classification of ground water, chemical. . W 254, 273, 274, 341, 398, 399 ; B 479, 606; S 2 

of ground water, criteriafor B 330,491, 616 

for boiler use W 254, 259, 274, 293, 335, 341, 398, 399 

for domestic use W 335, 341, 343, 398, 399 

for irrigation W 274, 333, 335, 398, 399 

legal W122 

numerical standards for W 274, 398 

of mineral water W 293, 338 

of oil-field waters B653 

of springs W 255, 338; A 14 n b 

of well casings W255 

of well-drilling methods W 257 

of wells W255 

Clay, drainage into wells in W 258 

water in W 114, 223, 255, 257, 319, 425 b; A 21 vn 
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deaning of wells. 8u Well conBtruction. 

Clear Fork formation, water in, in Texas W 317 

Geavage in relation to ground water W 223 

Cleavage planes, water in W 114, 223; B 319 

Climate. Su Evaporation and Precipitation. 

Clinton limestone, water in, in Indiana W 114 

water in, in Michigan 'W 114 

in Ohio W 114, 259; A 19ivb 

Clinton sandstone, water in, in Michigan W 30 

water in, in Ohio GF 197 

aoverly sandstone, water in, in Wyoming P 51, 53; B 364; GF 141, 142, 173 

See aUo Dakota sandstone. 

Coal beds, water in, in Pennsylvania B 300, 447; GF 174 

water in, in South Dakota B 627 

Coal-mine waters, fish killed by W 273 

sulphuric acid in W 273 

Coastal Plain. See individual States. 

Cockfield formation, water in, in Arkansas W 114;P46 

waterin, in Louisiana W 114; P 46 

Coefficient of viscosity W 67; A 19 n b 

Coldwater shale, water in, in Michigan W 30, 114 

Coli bacillus in ground water W 193, 256, 315 

Collecting areas. See Absorption arid Origin. 

Collecting galleries. See Infiltration ditches and timnels. 

Color in ground water W 240, 254, 259, 338, 341, 398 

Colorado, areas, Apishapa quadrangle GF 186 

areas, Arkansas Valley ' A 17 n f ; P 52 

Boulder district B 265 

Castle Rock quadrangle GF 198 

Colorado Springs quadrangle GF 203 

De Beque oil field B 631 c 

Denver Basin M 27;P32 

eastern A17nf,21ivc,22ivc;P32,52 

Elmoro quadrangle GF 58 

Fremont County ! B 298 

Garfield County B 531 c 

Greeley and vicinity W 9 

Mesa County B 531 c 

Nepesta quadrangle GF 135 

northeastern A 16 n f 

northwestern B 350 

Chu»y quadrangle GF 153 

Pueblo County B 298 

Pueblo quadrangle GF 36 

Rangely oil district B 350 

Rio Blanco County B 350 

San Luis Valley W 240 

SOverton quadrangle GF 120 

South Platte VaUey W 184 

southeastern P 52 

Spanish Peaks quadrangle GF 71 

Trinidad and vicinity GF71 

Walsenburg quadrangle GF 68 

artesian water in W9; A16iif,17iif,21iva; M27; P32,52; B 265, 

350, 531c; GF 36, 58, 68, 71, 135, 198, 203 
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Colorado, bibliography of ground water in W 57, 120, 149, 163 

color of ground water in W 240 

early irrigation with ground water in A 16 n e 

flowing well at Alamosa. A 21 nr a 

irrigation with ground water in W 5, 9, ^; A 16 n e f, 21 iv c, 22 iv c 

law relating to ground water in W9, 122 

nrine water in W 364; GF 120 

mineral waters in B 32; MR 1883-1916; GF 153, 203 

public water suppliesin W240;P32;GF198 

pumping in, costof W9 

quality of ground water in W9, 240, 364; A 17nf; M27; 

P 32, 52; MR 1916; GF 135, 153, 203 

salt water in B 531 c 

seepage in W 9 , 50, 368 

sheet waterin A 16 n f 

spring records for B 32 

spring waters in, temperature of B 32 

temperature of ground water in GF 153 

water table in, fluctuations of GF 120 

well construction in GF 68 

well records for W57, 149;B 131, 264,298 

wells in, cost of W9;GF68 

Colorado group. See spedfie formations. 

Colorado River basin, bibliography of ground water in W 340 

Columbia day, water in, in Missouri ,. W 195 

Columbia formation, wat«r in, in Atlantic Coastal Plain B 138 

water in, in Georgia • S4 

in Kentucky W 164 

in Maryland GF13, 23 

in Tennessee "W 164 

in Virginia GF 13, 23; S 8 

Columbia River lava, water in, in Washington and Oregon. See Lava. 

Comanche series, water in, in Texas W 317 

Composition of ground water. See Analyses, Analysis, and Quality. 

Condra, G. E. , Geology and water resources of Missouri River valley in Nebraska. W 215 

Geology and water resources of Republican River valley, Nebr W 216 

Confining beds for artesian water B 319; A 5 c 

Conglomerate, drainage into wells in W 258 

waterin W 110, 232, 255, 257 

Connate water W 160, 398; P90h; B 319,330,491,530 b, 616, 653, 661 d; S5 

Connecticut, areas, all of State W 102, 114, 160, 232 

areas, Bradford Point town W 232 

Central lowland W 110 

Hartford district W 374 

near New York P 44 

North Haven town W 232 

Salisbury district '. W 374 

Saybrook district.. W 374 

Stamford district W 374 

Warren town .....' W 232 

Waterbury district W397 

Willimantic district W 374 

artesian water in W 232, 374, 397 
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Connecticut, bibliography df ground water in W 114, 120, 163 

infiltration tunnels in W 374, 397 

iflochlorsin ^ W 144, 232 

law relating to ground water in W 152 

mineral watA in W114,232; B 32; MR 1883-1916 

public water supplies in W 232, 374, 397 

quality of ground water in. W 102, 110, 144, 232, 364, 374, 397 ; B 32 ; P 44 

spring records for B 32 

temperature of ground water in W 232; B 32 

temperature of spring water in B 32 

weU records for W 57, 149, 274, 397 ; B 264, 298 

wells in, cost of W 160 

Conservation of artesian water W 142, 

145, 158, 219, 225, 234, 256, 278, 293, 400 b, 423, 425 a; S 8 

Conservation of ground waterin United States W 234 

Construction of wells. See Well construction. 

Contact planes, artesian water in B 319 

Contamination. See Analyses, Pollution, Piuification, and Quality. 
Contours of water table. See under Maps. 

Cook Mountain formation, waterin, in Texas W 375 g 

Cooper, W. F., Well and spring records in lower Michigan W 102 

Copper in groimd water W 399; B 47 

Comiferous limestone, water in, in Ohio W 114; A 19 iv b 

Corrosion by water. See under Quality and Well screens. 

in boilers, methods of calculating '. W 274 

Cost. See under specific subjects. 

Cotton manufacturing, quality of water for W 254, 298 

Couche, definition of A 14 n a 

Court dedsions. See Law relating to ground water. 

Cowgill, E. B., Irrigation on the Great Plains W5 

Crane, W. R., Economic geology of lola quadrangle, Kans B 238 

Crenothrix in ground water W 254, 259, 338 

Cretaceous formations, water in, in Alabama W 114; S 2 

water in, in Arizona W 380; B 435 

in Arkansas ' W 114, 399; P46 

in Colorado A 17 n f ; M27; P32/52; 

B 265, 350; GF 36, 58, 68, 71, 135, 153, 186, 203 

in Delaware W 106, 114; B 138; GF 137, 162 

in District of Columbia B 138; W 114; GF 70, 152 

in Georgia W67,114,341; B 138, 164; 84 

in Iowa W 114, 293; GF156 

in Kansas W6,273; P32 

in Kentucky W 114, 164 

in Louisiana W 114 

' in Manitoba M 25 

inMaryland W114; B 138; GF 13, 137, 152, 182, 204 

in Minnesota W114,256; M 25; GF 117 

in Mississippi W 114, 159 

in Montana GF55, 128 

in Nebraska. . . W 12, 70, 215, 425 b; A 19 nr c; P 17, 32; GF 85, 87, 88, 108, 156 

in New Jersey W106,114; B 138; GF 137, 157, 162, 167 

inNew Mexico W 123, 343, 380; B435; GF199 

in New York W114; P'44; B 138; GF157 
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Cretaceous formations, water in, in North Carolina W 114; B 138; GF SO; S 5 

in North Dakota M 25; B 675; GF 117, 168, 181 

id Oklahoma W148 

in Pennsylvania W 106; B 138; GF 162, 167 

in South Carolina Wn4; P90h; B138 

in South Dakota W 34, 90, 227, 428; A 17^g, A 21iv b; P 32, 66; 

B 575, 627; GF 85, 96, 97, 100, 107, 108, 113, 114, 127, 128, 156, 164, 165 

in Tennessee W 114, 164 

in Texas. . W 190, 191, 276, 317, 335, 375 g; A 18 n b, 21 vn; GF 42, 64, 76, 183 

in Utah P56; B 541 d, 628 

in Virginia W 114; B 138; GF 13,80; S8 

in Wyoming W70,425b; A 21 iv b; P 32, 51, 53, 56, 65; 

B 364, 471, 543, 621 1, 641, 656; GF 107, 127, 128, 141, 142, 150, 173 
See also specific formations. 
Crevices. See under Caverns. 

Crider, A. F., Drainage by wells in Arkansas W 160 

Geology and ground waters of northeastern Arkansas W 399 

Underground-water resources of Mississippi W 159 

Criteria for locating ground water W 224, 423; B 308 

Crooked wells W257 

Crosby, W. 0., Sizing and filtration tests on Long Island, N. Y P 44 

Water from delta type of sand plain W 145 

Water resources of Massachusetts and Rhode Island W 114 

Well and spring records in Massachusetts and Rhode Island W 102 

Cross, Whitman, Geology of the Denver Basin, Colo M 27 

Ouray folio, Colo GF 163 

Silverton folio, Colo : GF 120 

Crystalline rocks, artesian water in W 160, 232, 374, 397; B 391 

deep wells in W 232 ; S 8 

mineral water in W 160 

water in W 160, 232; B 319 ; A 5 c, 19 n b 

bibliography of W 232 

in Alabama W 114 

in California W 21 9, 338 

in Connecticut 1 ... 1 W 232, 374, 397 

in District of Columbia W 114 

in Georgia S 4 

in Maine W 145, 223; GF 149, 158 

in Maryland GF 152, 204 

in Montana W 345 g 

in Nevada W365 

inNew Jersey W 114; GF 157, 167, 191 

in New Mexico W343 

inNew York W 114; GF 157 

in North Carolina GF 124, 147, 151 ; S 5 

in Pennsylvania W 106, 114, 167 

in South Carolina GF 147 

in Tennessee GF 124, 151 

in Utah W277 

in Virginia W114; S8 

in Wisconsin : S 9 

quantity of W 345 g 

wells in, yield of.. W238 
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Cuba, ground water in W 110 

ground water in, bibliography of W 163 

CumingB, E. R., Columbus folio, Ohio GF 197 

Curbs. See under Wells and Well casings. 

Cylinder pumps W 14 

D. 

Dakota sandstone, water in W 67 

water in, in Colorado W 9; A 16 n f, 17 n f ; 

M 27; P 32, 52; B 265; GF 36, 58, 68, 71, 135, 18 

in Iowa W 215, 293 

in Kansas W6,273; A 16 ii f, 21 iv c; P32 

in Montana ,...". GF 128 

in Nebraska W 12, 215, 216, 425 b; 

A 16 II f, 21 IV c; P 32; GF 85, 87, 88, 108 

in North Dakota A17ng; M 25; B 575; GF 168, 181 

in Oklahoma A 21 rv c 

in South Dakota W 34, 90, 215, 227, 428; A 17 ii g, 21 iv b; P 32, 66; 

B 575; GF 85, 96, 97, 99, 100, 107, 108, 113, 114, 128, 164, 165 

in Texas W 191 

in Utah B 541, 628 

in Wyoming W425 b; A 21 iv b, 21 ivc; 

P 32, 51, 53, 65; B 364, 471 a; GF 107, 127, 128, 141, 142, 173 

Dale, T. N., Fort Tieonderoga quadrangle, Vt.rN. Y WHO 

Dams, fluctuation of water table in relation to W 155; P 44 

Dams for ground water, artificial W 39; 67, 199; A 13 m b 

law relating to W 122 

natural , W 320, 343, 423 

Darcy, on flow of water through soils W 67; A 19 n b 

Darton, N. H., Aladdin folio, Wyo.-S.f)ak.-Mont GF 128 

Artesian water in the vicinity of the Black Hills, S. Dak W 428 

Artesian water of a portion of the Dakotas A 17 n g 

Artesian wells on Atlantic Coastal Plain B 138 

Bald Mountain-Dayton folio, Wyo GF 141 

Belle Fourche folio, S. Ddk GF 164 

Camp Clark folio, Nebr GF87 

Cloud Peak-Fort McKinney folio, Wyo ^ GF 142 

Deep borings in the United States, Part 1 W 57 

Deep borings in the United States, Part 2 W 61 

Deep borings in the United States W 149 

Deming folio, N. Mex GF 207 

Devils Tower folio, Wyo GF 150 

Edgemont folio, S. Dak.-Nebr GF 108 

Fredericksburg folio, Va.-Md GF 13 

Geology and mineral resources of the Laramie Basin, Wyo B 364 

Geology and imderground waters of Arkansas Valley in eastern Colorado. . P 52 

Geology and underground waters of the central Great Plains P 32 

Geology and undergroimd waters of Lima County, N. Mex W 345 c ; B 61S 

Geology and underground waters of Nebraslok west of the 103d meri- 
dian A 19 IV c; P17 

Geology and underground waters of South Dakota W 227 

Geology and water resources of the Black Hills and adjoinitng r^ons, 
6. Dak , ,,.,,, ,.,. 42\^yb:P65 
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Darton, N. H., Geology of the Bighorn Moimtams, Wyo P 51 

Laramie-Sherman folio, Wyo GF 173 

Newcastle folio, Wyo.-S. Dak '. GF 107 

New York City foUo GF83 

Nomini folio, Md.-Va GF23 

Norfolk foUo,Va..N.C GF80 

Oebichs folio, S. Dak.-Nebr GF 85 

Passaic foUo, N. J.-N. Y GF167 

Philadelphia folio, Pa.-N. J.-Del GF 162 

Reconnaissance of northwestern New Mexico and northern Arizona B 435 

Scotts Bluff folio, Nebr GF88 

Silver City folio, N. Mex .* GF 199 

Sundance folio, Wyo.-S. Dak •. GF 127 

Trenton folio, N. J.-Pa GF167 

Underground waters of Delaware, District of Columbia, Maryland, and 

Virginia W 114 

Underground waters of southeastern Nebraska W 12 

Washington folio, D. C.-Md.-Va : GF70 

Well boring and irrigation in eastern South Dakota in 1896 A 18 iv c 

Davis, A. P., Irrigation near Phoenix, Ariz W2 

Davis, C. A., Wells and municipal water supplies in the southern peninsula of 

Michigan W 182, 183 

Dawson arkose, water in, in Colorado GF 198 

Deadwood sandstone, water in, in South Dakota W 22V, 428; 

A 21 rv b; P 32, 65; GF 107, 128, 164 

water in, in Wyoming A 21 iv b; P 32, 51, 65; GF 107, 128, 141, 142, 150 

Dean, H. J., Water resources of California, Part III W300 

Debris-filled basins, fluctuations of water table in W 142, 

219^343, 345 g, 345 h, 375 a, 400 e, 423; S 6 

ground water in, discharge of W 142,219,294,423; S6,7 

early description of A 13 m a 

inArizona... W 104, 136, 320, 375 b, 425 a; B 352 

in California. . W 89, 142, 219, 222, 225, 278, 294, 375 a, 398, 345 h, 400; GF 163 

in Colorado *. W240 

in Montana W 345 g; 400 b 

inNevada W 365, 375 d, 423; B530r 

inNew Mexico W 123, 260, 275, 343, 345 c; B 618; GF207 

in Oregon W 220, 231 

in Texas GF 166, 194; Si 

in Utah W 157, 199, 217, 277, 333 

quantity of W 142, 219, 294, 423; S6,7 

See also Valley fill. 

Decorah shale, water in, in Iowa W 293 

water in, in Minnesota W 256 

Deep wells : W 57, 61, 149, 257 

Deflection of wells, methods of measuring W 257 

Deforestation, fluctuation of water table in relation to W 155 

Delaware, areas, all of State W 114 

areas. Coastal Plain B 138 

Dover quadrangle .' , GF 137 

New Castle County B 298 

northeastern W 106; GF 162 

artesian water in B 138; GF137 
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Delaware, bibliography of ground water in W 114, 120, 149, 163 

mineral water in B 32; MR 1883-1916 

public water supplies in B 138 

quality of ground water in W 258 

spring records for B 32 

s]Hing waters in, temperature of B 32 

well records for W 57, 149; B 298 

Delta deposits, water in, in California W 225 

water in, in New England W 145 

Denmark, bibliography of groimd water in W 163 

Density of ground water . .' B 47, 319 

Denver formation, water in, in Colorado M 27 

Deoxidation produced by ground water M 47 

Depth of wells, methods of measuring W 257 

Depth to ground water, methods of estimating W 423 

Depth to which ground water penetrates W 67, 160; A 19nb; M47 

Descartes on origin of groimd water A 14 ii b 

Desert basins. See Debris-filled basins and Valley fill. 

Desert flats, ground water under W277; B 530 k 

Desert spnngs. iS^ee .Watering places and Springs. 
Desert watering places. See Watering places. 
Desert wells. See Watering places and Wells. 

De Smet formation, water in, in Wyoming P 51; GF 141, 142 

Des Moines group, water in, in Iowa W293 

water in, in Missouri. W 195 

Deussen, Alexander, Geology and imderground waters of the Texas Coastal 

Plain W335 

Ground water in Lasalle and McMulIen counties, Tex W 375 g 

Development of wells by gravel screens W 255, 256, 293, 343, 345a, 345g 

by pumping W 256, 256, 293, 343, 345a, 345g 

by lescreening - W 256 

by steam jetting W 255 

by use of exposures W 255, 257 

See also Well construction. 

Devonian formations, water in, in Alabama W 114; S 2 

water in, in Arkansas W 114 

in Illinois W 114 

in Indiana W26, 114, 254; AlSivb 

in Iowa W 114, 145, 293 

in Kentucky W 114, 233 

in Maryland W 110, 114; GF 179 

in Michigan W 30, 31, 114, 182, 183 ; GF 205 

in Minnesota W256 

in Missouri W 114, 195 

in New York W 114 

in Ohio W 91, 114; A 18 IV b, 19 IV b; GF 197 

in Pennsylvania W 110, 114; GF 179 

in Tennessee W 114 

in Virginia W 114 

in West Virginia WHO, 114; GF179 

See also specific formations. 

Dewitt formation, water in, in Texas W 335 

Diameter of soil grains, methods of measuring A 19 u b 

56122*»— 18--W8P 427 6 
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Diesem, H. 0., Cost of pumping for irrigation in western Nebraska W 425 b 

Diffusion of gases in gpund water M 47 

Diffusion of solids in ground water M 47 

Diller, J. S., Redding folio, Cal GF 138 

Dip of strata, artesian conditions in relation to A 5 c 

Discharge of flowing wells, dome method of measuring W 67, 110, 157, 219, 240 

Discharge of ground water, by capillarity W 275, 

294, 345 h, 423; A 13 in a, 19 n b; S 7 
by evaporation.... W 7, 153, 275, 294, 343, 345 h, 380, 423; A 13 ina,19n b; S 7 
by seepage. See Seepage. 

by transpiration W 7, 153,294, 320, 343,375 d,423; S 7 

water table in relation to W 153, 294, 343, 423 

See also Capillarity, Evaporation, Quantity of ground water, Transpira- 
tion, Springs, ofnd Water table. 

Discharge of wells, deceptive methods of measuring W 257 

dome method of measuring W 67, 110, 157, 219, 240 

simple methods of measuring W 257 

weirs for measuring W 150, 200, 320 

portable W 320 

See also Welia and Artesian wells. 
Disposal of ground water. See Discharge, Evaporation, Quantity, Springs, OTid 
Transpiration. 

Dissociation of solids dissolved in ground water, theory of M 47 

Dissolved solids in ground water. See Analyses and Quality. 

Distilling, quality of water for W 233, 254, 398 

District of Columbia; artesian water in B 138; GF 70, 152 

ground water in B 138; GF 70, 152 

bibliography of W 114, 120, 163 

quality of W 364; B 32, 138 

mineral water in W 114; B 32; MR 1896-1914 

spring records for • B 32 

spring water in, temperature of B 32 

well records for W 57, 149 

"Divining rod'* l... W 255, 278, 416; MR 1882 a 

bibliography of W 416 

fallacy of W 255, 278, 416; MR 1882 a 

history of W 416; MR 1882 a 

Dodge, R. E., New York City folio GF 83 

Dole, R. B., Chemical character of the waters in north-central Indiana W 254 

Chemical character of the waters in northeastern Arkansas W 399 

Chemical character of the waters in southwestern Ohio W 259 

Concentration of mineral water in relation to therapeutic activity. MR 1911 n n 

Fluorescein in the study of ground water W 160 

Ground water in Lasalle and McMuUen counties, Tex W 375 g 

Ground water in San Joaquin Valley, Cal W 398 

Historical sketch of the mineral-water trade MR 1914 

Production of mineral waters MR 1913-1915 

Published analyses of American mineral waters MR 1913 n h 

Quality of surface waters east of the one hundredth meridian W 236 

Quality of surface waters in Minnesota W 193 

Quality of the undeiground waters in the Coastal Plain of Georgia W 341 

Radioactivity of mineral waters MR 1913 n h 

Salines in Silver Peak Marsh, Nev B 530 r 

Water supply of Savannah, Ga S 11 
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''Domes' ' in relation to salt water _ W 335 

Doons for lifting water W 1 

Double-acting pumps W 14 

Double Motmtain formation, water in, in Texas W 317 

Douglas formation, waiter in, in Kansas GF 206 

water in. in Missouri ; GF 206 

"Dowsing." iS««" Divining rod." , 

Drainage, effect of, on ground water W 67 

Drainage into wells W 145, 268 

from cellars W 268 

in Arkansas W 160 

in Geoigia W 160 

ip Iowa W 293 

ir Michigan W 145, 160 

m Minnesota W 256 

Drainage of industrial wastes into wells W 258 

D rainage of sewage into wells W 258 

Drainage wells, diagrams illustrating W 145 

siphonagein W258 

Drainage with windmills in Holland W 20 

Drake, N. F., Nampa folio, Idaho-Oreg GF103 

Silver City folio, Idaho GF 104 

Dresbach sandstone, water in, in Iowa W 293 

water in, in Minnesota W256; GF201 

See also Cambrian sandstone and Potsdam sandstone. 
Drift. 5e« Glacial drift. 
Drilling. See Well construction . 
Drillings from wells. See Well drillings. 

Dry farming, ground water in relation to W 275, 277, 320, 425 a 

'Dry sands" at deep horizons B 653, 661d 

Dundee limestone, water in, in Michigan W 30, 114; GF 205 

Dunesand, water in, in Arkansas W 145 

water in, in Colorado A 17 n f ; P 52 

in Kansas W273 

in Minnesota .' W 256; GF 201 

Dyeing, quality of water for W 254, 341, 398 

Dynamite, methods of using in wells W 223, 255, 1257 

Dynamometer diagrams of reciprocating pumps W 14 

Dynamometers for testing jpeindmills W 20 

E. 

Eagle Ford clay, water in, in Texas W 276 

Eagle Pass formation, water in,in Texas A 18 n b 

Eckel, E. C, Wells and springs in Mississippi W 102 

Eden shale, water in, in Kentucky W 233 

water in, in Ohio W 269 

"Edge water," related to oil B 658 

Edwards limestone, water in, in Texas A 18 ii b; GF42, 64 

Egypt, ground water in, bibliography of W 163 

ground water in, irrigation with W 1 

quality of W 136 

Eldridge, G. H., Geology of the Denver Basin, Colo M 27 

Electric currents in ground water W258 

Electrolytic bridge to determine total solids in water W 137, 138, 139 
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Elevators for lifting water W 1, 14 

EUensburg formation, water in, in Washington W 55, 118, 316; GF86, 106 

Ellis, A- J., Ground water in Paradise Valley, Ariz W 375 b 

Ground water in the Hartford, Stamford, Salisbury, Willimantic, and 

Saybrook areas, Conn ^ W 374 

Ground water in the Waterbury area, Conn W 397 

Production of mineral watte in 1916 MR 1916 

The divining rod, a history of water witching W 416 

Ellis, E. E., Water in crystalline rocks W 160 

Water in crystalline rocks in Connecticut W 232 

Emmons, S. F., Geology of the Denver Basin, Colo M 27 

Emmons, W. H., Enrichment of ore deposits B 625 

Enrichment of sulphide ores B 529 

Engines. See Power. 

England, bibliography of groimd water in W 163 

quality of ground water in B 330, 491, 616; MR 1916 

Eocene formations. See under Tertiary; aUo see specific formations. 

Equus beds, water in, in Kansas W 273 

Escondido formation, water in, in Texas , W 375 g 

Europe, well drilling in W 257 

See also specific countries. 

Eutaw formation, water in, in Alabama S 2 

water in, in Georgia W 341 ; S 4 

in Tennessee W 164 

Evaporation, controlling factors in W294 

fluctuations of water table in relation to W 155, 294, 423 

from snow W294 

in Arizona W 2, 380 

in California W 18, 58, 181, 294, 345 h ; S 7 

in Colorado W 358; M 27 

in Florida W 319 

in G eorgia S 4 

in High Plains A21ivc 

in Kansas W 153; B 140 

in Nebraska B 140 

in Nevada W 375 d, 423 

in New Mexico W 275, 358 

in Texas W 358; GF 166 

in Utah -. W 7 

in Washington W 425 e 

measurement of W 294 

of ground water, experiments with W 153, 294; A 19 n b 

in Arizona # W 2, 380 

in California W 294, 345 h; S 7 

in Florida W 319 

in Kansas W153 

in Nevada W 375 d, 423 

in New Mexico W 275 

in Utah,..! W7 

measurement of W 294 

Explosives, methods of using, in wells W 223, 265, 257 

Exports of mineral waters. See under Mineral waters. 
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F. 

Fairbanks, H. W., San Luis folio, Cal • GF 101 

Fallacies regarding ground water W 278 

Farm supplies of ground water W 256 

Fault planes, water in W 114, 232; B 319 

Faults, artesian water in relation to W 6, 375 g; A 18 n b 

ground water in relation to, in Arizona W 380 

in California W 1 42 , 294 , 338 , 345 h 

in Connecticut W 232 

in Kansas W 6 

in New Jersey GF 167 

in Nevada W 365,423 

in New Mexico GF 199 

in Pennsylvania GF 167 

in Texas W 875 g; A 18 ii b 

in Utah W 199,277 

movements of ground water in relation to W 345 h 

quality of ground water in relation to W 375 g 

springs in relation to, in Arizona W 380 

in California W 142,294,338 

in Connecticut W 232 

in Nevada W 365,423 

in New Mexico GF 199 

in Texas A 18 n b 

in Utah W 199,277 

thermal springs in relation to W 142, 227, 338, 365; A 14 n b; GF 199 

water table in relation to W 294,345 h,423 

Fayette sandstone, water in, in Texas W 375 g 

Fenneman, N. M., Geology of the Boulder district, Colo B 265 

Geology and mineral resources of the St. Louis quadrangle, Mo.-IU B 438 

Oil fields of the Texas-Louisiana Gulf Coastal Plain B 282 

Field assays of water, methods of making W 151, 398 

See aUo Analyses, Analysis, and Assays. 
Figures. See Illustrations. 

Fijilslands, analyses of water in B 330,491,616 

Filter galleries. See Infiltration ditches and tunnels. 
Filtration of water. See Purification. 

Filtration tests, methods of making P 44 

Finding water in deserts W 224, 423; B 308 

See aUo Watering places on routes of travel. 

Finishing wells in sand W 256, 293, 343 

See also Well construction. 

Finlay, G. I., Colorado Springs folio, Colo GF 203 

Firingwells, methods of W 223, 255, 257 

Fisher, C. A., Geology and underground waters of the Roswell artesian area, 

N. Mex W 158 

Geology and water resources of the Bighorn Basin, Wyo P 53 

Geology and water resources of the Great Falls region, Mont W 221 

Nepesta foUo, Colo GF 135 

Fissility, ground water in relation to W 223, 232 

Fissures, movement of water through A 19 n b 

springs in relation to W 114; B 199; A 18 n b; S 9 

Fleck, on flow of air through soils A 19 n b 
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Flood control by feeding into undeiground reservoirs 8 6 

Flood-plain deposits. See Alluvium. 

Flooding of oil wells W 91, 257 

Floods in relation to ground water W 153, 258, 345 a, 425 b; S 6 

Florida, areas, all of State W 114, 319 

areas, Duval County B 298 

Jacksonville B 298 

St. Augustine W 67 

Siunter County B 298 

Volusia County B 298 

artesian water in W 319 

bibliography of ground water in W 114, 120, 163 

large springs in W 319; A 14 n b 

law relating to ground water in W 152 

mineral water in W 114; B 32; MR 1883-1916 

public water supplies in W 319 

quality of ground water in W 102, 319, 364; B 32 

spring records for W 27, 3 19 ; B 32 

weUrecordsfor W 57,149;B 264,298 

Flow of air and water through porous media, methods of measuring A 19 n b 

Flow of ground water. See Movements of ground water. 
Flow of wells. See Wells artd Artesian wells. 

Flowage, zone of, ground in relation to M 47 

Flowing wells. See Artesian water and Artesian wells. 
Fluctuations of water table. See Water table. 

Fluorescein, bibliography of W 160 

for determining movements of ground water W 160 

Fluorides in groimd water B47; M R 1911 u n 

Flushing of wells. See Well construction. 

Flynn, B. H., The Sandusky, Maumee, Muskingum, and Miami drainage 

areas, Ohio W91 

Flynn, Margaret S., The Sandusky, Maumee, Muskingum, and Miami drainage 

areas, Ohio W91 

Foaming of water in boilers, quality in relation to W 254, 256, 259, 274, 

341, 398, 399; S 9 

Foaming and priming constituents of water, methods of calculating W 274, 398 

Foliation planes, water in B 319 

Forbes, R. H., Agriculture in San Simon Valley, Ariz.-N. Mex W 425 a 

Agriculture in Sulphur Springs Valley, Ariz W 320 

Force pumps W 14 

Forests, water table in relation to W 155 

Fortier, Samuel, Seepage in northern Utah W 7 

FossU sea water. See Connate water. 

Fossils in drillings from wells W293; P90h 

Fountain springs, construction of W 145 

Fox Hills formation, water in, in Colorado W9;M27;P32 

water in, in Kansas P32 

in Nebraska P32 

in North Dakota B575; GF 181 

in South Dakota W227; B 575; P 32 

in Wyoming P 32; GP173 

Fracture, zone of, groxmd water in relation to M 47 

Fracture zones, water in GF 149 
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France, bibliography of ground water in W 163 

quality of mineral water in MR 1916 

radioactive waters in MR 1913 ii h 

springs in, yield of A 14 n b 

Franconia sandstone, water in, in Minnesota GP201 

Fredericksburg group, water in, in Texas A 21 vn 

Freezing of wells W29, 256,258 

Friction of grotmd water M 47 

Frinkle, F. C, Pumping xmderground water in southern California W 146 

Frontier formation, water in, in Wyoming P 53; B 656 

Frost, confining beds for artesian water produced by B^19 

effect of, on ground-water supply W 145 

Fry-pan deposits, water in, in Texas A 18 n b 

Fuller, M. L., A groimd- water problem in southeastern Michigan W 145 

Bibliography of ground-water literature in 1905 W 163 

Bibliography of United States Geological Survey papers on* underground 

water W120 

Contributions to hydrology, 1903 W 102 

Contributions to hydrology, 1904 , W 110 

Contributions to hydrology, 1905 W 145 

Controlling factors of artesian flows B 319 

Ditney folio, Ind OF 84 

Drainage by wells W 258 

Flowing wells and municipal water supplies in the southern peninsula of 

Michigan ^ W 182, 183 

Freezing of wells and related phenomena W 258 

Gaines folio, Pa . -N . Y , G F 92 

Geology and underground waters of southern Minnesota W 256 

Improvement of water in wells f W 160 

Large springs of Ozark region, Mo.-Ark W 146 

Magnetic wells W 258 

Patoka folio, Ind.-IU ^ GF 105 

Peculiar mineral waters from crystalline rocks - W 160 

Production of mineral waters MR 1905 

Protection of shallow wells in sandy deposits W 258 

Records of deep wells, 1904 B 264 

Records of deep wells, 1905 B 298 

Representation of wells and springs on maps W 160 

Significance of the term "artesian " W 160 

Total amount of free water in the earth's crust W 160 

Triassic rocks of the Connecticut Valley W 110 

Underground-water papers, 1906 W 160 

Underground waters for farm use W 255 

Underground waters of District of Columbia W 114 

Underground waters of eastern United States W 114 

Underground waters of Florida W 114 

Undergroimd waters of Maryland W 114 

Underground waters of New Hampshire W 114 

Underground waters of North Carolina W 114 

Underground waters of Pennsylvania W 114 

Underground waters of southwestern Ohio W 259 

Underground waters of Virginia W 114 

Undergroimd waters of West Virginia W 114 

Uses of underground waters of southern Louisiana *W101 
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G. 

Gagen, on flow of water through eoila A 19 n b 

Gages for detennimiig vacuum in pumps W 141 

Gages for recording water levels in wells W 155 

Gale, H. S., Potash in Death Valley, Cal B540n 

Potash tests at Columbus Marsh, Nev B 540 n 

Water supply of Rangely oil district, Colo B 350 

Water resources of the Cowee and Pisgah quadrangles, N. C W 110 

Galena limestone, water in, in Illinois W 114; B 506; GF81,200 

water in, in Iowa W 293; GF 145, 200 

in Minnesota W 256 

• in Wisconsin W 114; GF 146 

Galleries. See Infiltration ditches and tunnels. 

Gas in relation to groimd water B 658 

Gases, artesian flows influenced by A5c 

Gases in ground water M 47; B 395 

methods of testing for B 395 

Gasoline engines. See under Power. 

Creologic causes of fluctuations of ground-water levels W 155 

Geologic work of ground water M 47; B 529, 606 

Georgia, areas, all of State W 102, 114; S4 

areas, Chatham County B 298 

Coastal Plain W 341; B 138 

Decatur County B 298 

Ellijay quadrangle GF 187 

Fulton County . ,\ B 298 

Pierce County B 298 

Quitman and vicinity W 110 

Savannah and vicinity W 67; B 298; S 11 

Tattimll County \ B 298 

artesian water in '. W 67, 341; B 138; S4, 11 

artesian water power in S 4 

bibliography of ground water in W 57, 114, 120, 149, 163 ; S 4 

blowing springs in S 4 

blowing wells in W 258 ; S 4 

drainage into wells in W 160 

irrigation with groimd water in S4 

law relating to ground water in W 152 

mineral water in W 114, 160; B 32; MR 1883-1916; GF 187 

power from artesian wells in 84 

public water supplies in W 67, 102, 341; B 138; S4, 11 

quality of ground water in W 102, 160, 341; B 32, 138; S 4, 11 

spring records for W36, 127, 168, 197; B 82; S 4 

waters, peculiar, in crystalline rocks of W 160 

well records for W57, 149; B 264, 298; S 4 

Gering formation, water in, in Nebraska A 19 rv c; P 17 

Germany, bibliography of ground water in W 163 

deep wells in W 257 

mineral waters in B 606; MR 1916 

quality of ground water in W 330, 491, 529, 606, 616; MR 1916 " 

radioactive water in MR 1913 ii h 

Geyser springs W 114 

, construction of W 145 

in Nevada W366 
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Geyeere, analyses of water from W364; B 47, 330,491, 616; A9d 

in California W181 

in Yellowstone National Park W364; A 9 d, 14 nb; B 47, 395 

mud W181 

radioactivity of water from B 395; MR 1913 u h 

water yielded by A 14 n b 

Gila conglomerate, water in, in Arizona W 320, 425 a; OF 111 

Gilbert, G. K., Pueblo folio, Colo GF36 

IJndeiground water of Arkansas Valley, Colo A 17 n f 

Giles, J- M., stream measurements for 1905 W 173 

surface-water supply, 1906 W 209 

Glacial deltas, water in W 145 

Glacial drift, drainage into wells in W 268 

water in, in Arkansas W 145; GF 140 

in Connecticut W114, 232, 374,397 

in eastern United States W 114 

in Illinois W 114; A 17 n h; M 38; GF 67, 105, 185, 188, 195; S 3 

in Indiana W21, 26, 113,114,254; A18rvb; GF 67, 105 

in Iowa W293 

inKansas W273; GF206 

in Maine W 145, 223; GF 149 

in Manitoba M 25 

in Massachusetts W 145 

inMichigan W 30, 31, 182,183; GF 155,206 

inMinnesota W256; M25; GF 117, 201 

inMisBouri W 195; GF206 

in Montana .' W 221, 400 b 

in Nebraska W 12; GF 156 

in New Jersey 1 GF 157,161 

in New York WHO, 114,145; GF 157, 169, 190 

in North Dakota A17ng; M 25; GF 117, 168 

in Ohio W 114, 259; A 18 iv b, 19 iv b; GF 197 

in Pennsylvania W 114 

in South Dakota W34, 90, 227; A17ng; GF 96, 

97, 99, 100, 113, 114, 156, 165 

in Washington W 425 e 

in Wisconsin 8 9 

in preglacial channels, water in W 145, 293; A 19 rv b 

See also Glacial outwash and Till. 

Glacial outwash, water in, in Connecticut W 232, 374, 397 

water in, in Indiana W 254 

in Iowa W293 

in Maine..: W 223 

inMichigan W 182, 183 

inMinnesota W256 

in Ohio W259 

in Washington W 425 e 

See also Glacial drift. 

Glen Rose formation, water in, in Texas A 21 vn; GF 64 

Glenn, L. C, Underground waters of South Carolina W 114 

Underground waters of Tennessee and Kentucky west of Tennessee River 

and of an adjacent area in Illinois W164 

Water resources of Kentucky and Tennessee W 102, 114 

Gneiss, water in W 106, 114, 160, 223, 232, 255, 257; GF 147, 157, 162, 191 

See also Crystalline rocks. 
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Gold in ground water Pd4;B 529, 625 

Gooch, F. A., Analysee of waters of Yellowstone National Park B 47 

Goodell, E. B., Laws forbidding pollution of inland waters W 152 

Gordon, C. H., Geology and underground waters of northeastern Texas W 276 

Geology and andeiground waters of the Wichita region, north-central Texas. W 317 

Gould, C. N., Geology and water resources of Oklahoma W 148 

Geology and water resources of the eastern portion of the Panhandle of 

Texas W154 

Geology and water resources of the western portion of the Panhandle of 
Texas W 191 

Grand Falls chert, water in, in Einsas GF 148 

water in, in Missouri GF 148 

Grand Gulf formation, water in, in Alabama S 2 

water in, in Mississippi W159 

Graneros shale. See Benton formation. 

Granite, water in W 114, 160, 223, 232, 255, 257, 258, 277, 345 g, 

374, 397; A 18 n b; GF 45, 147, 149, 151, 158 
See also Crystalline rocks. 

Grant, U. S., Lancaster-Mineral Point folio, Wis.-Iowar-Ill GF 145 

Water resources of the Mineral Point quadrangle. Wis , W 145 

Gravel, drainage into wells in W 258 

flow of water in, experiments with W 112, 136, 140, 141, 153, 184, 258; P 44 

in buried channels, water in W 273, 293; A 19 iv b 

interbedded with lava, waterin W4; B 199 

porosity of W 104, 136, 140 

spreading flood water over ^ S 6 

walls of wells formed of *.. W 256, 293, 343, 345 a, 345 d, 345 g, 376 a 

waterin W 6, 112, 114, 136,153, 184,223,233, 255, 

257, 258, 273, 319, 374, 397, 399, 425 b; P 44 
See also Alluvium, Glacial drift. Porosity, and Valley fill. 

Gravel screens in wells W 256, 293, 343, 345 a, 345 d, 345 g, 375 a 

Graydon sandstone, waterin, inMissomi W 195 

Great Plains. See High Plains and specific Slates. 

Greece, ancient, mineral water used in A 14 n b 

Greene, F. C, Leavenworth-Smithville folio, Mo.-Kans GF 206 

.Greenhorn limestone, water in, in Nebraska GF 156 

water in, in South Dakota GF 156 

See also Benton formation. 

Gregory, H. E., Ground water in Hartford, Stanford, Salisbury, Willimantic, 

and Saybrook areas. Conn W 374 

The Navajo coimtry— a geographic and hydrographic reconnaissance W 380 

Underground water resources of Connecticut W 232 

Underground waters of Connecticut W 102, 114 

Gregory, W. M., Flowing wells and mimidpal water supplies in the southern 
peninsula of Michigan W 183 

Greybull sand, water in, in Wyoming B 621 1 

Groimd-water level. See Water table. 

Grover, N. C, Contributions to hydrology, 1914 W 345 

Contributioi^s to hydrology, 1915 W375 

Contributions to hydrology, 1916 W400 

Contributions to hydrology, 1917 W 425 

Grunsky, C. E., Irrigation near Bakersfleld, Cal W 17 

Irrigation near Fresno, Cal W 18 

Guides to watering places. See Watering places. 
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GypseousTOter W 148, 164, 273, 275, 276, 

» , . 317, 320, 343, 375g, 398; 81 

Gypeum deposits, sprmgB in W 148, 154 

water in W 148, 154, 343; S 1 

H. 

Hale formation, water in, in Arkansas GP 154 

water in, in Oklahoma GP 154 

Hall, CM., Alexandria folio, S. Dak.. GP 100 

Caaselton-Pargo folio, N. Dak.-Minn GP117 

De Smet folio, S. Dak GPll 

Geology and water resources of James River valley, S. Dak W 90 

Hall, C. W., Geology and underground waters of Southern Minnesota W 256 

Undeigraund waters of Minnesota W 102, 114 

Hamilton shale, water in, in Wisconsin S 9 

Hamlin, Homer, Water resources of the Salinas Valley, Cal W 89 

Underflow tests along Los Angeles River W 112 

Hammond, G. A., Diamond-drill methods W 146 

Hance, J. H., Potash in western saline deposits B 540 p 

Hanna, P. W., Stream measurements for 1905 W 170 

Hannibal formation, water in, in Missouri W 195 

Hardness of ground water W 232, 254, 269, 273, 320, 338, 341, 343, 398, 399 

Hare, R. P., Geology and water resources of Tularosa Basin, N. Mex W 343 

Hares, C. J., Anticlines in Wyoming W 641 i 

Lignite field of northwestern S. Dak B 627 

Harris, G. D., Underground waters of southern Louisiana. V W 101 

Hatchetigbee formation, waterin, in Alabama S 2 

Hawaii, areas, Hawaii Island W 318, 336 

areas, Kauai Island W 318, 336 

Maui Island W 318, 336, 373, 445 

Molokai Island W 77 

Oahu Island W318, 336,373,430,445;S12 

artesian water in W 318, 336, 373, 430; S 12 

bibliography of groimd water in W 163 

infiltration tunnels in \. W 318, 445 

irrigation with groimd water in W 77, 318, 336 

quality of groimd water in .* W 77 

quantity of ground water in W 77; S 12 

salt water in W77 

spring records for W 318, 336, 373, 430, 445 

wells in, yield of W77, 318,336,373;S12 

Hawkins, R., Water supply of Livingston County, Mo W 102 

Haworth, Erasmus,, Economic geology of lola quadrangle, Kans B 238 

Underground waters of southwestern Kansas W 6 

Hawthorn formation, waterin, inPlorida W319 

Hay, Robert, Water resources of a portion of the Great Plains A 16 n f 

Well records in Nebraska, Colorado, and Kftnsas B 131 

Head ol ground water. See Artesian water and Water table. 

Heald, K. C, Geologic structure of northwestern Pawhuska quadrangle, Okla. B 619 c 

OH and gas geology of Poraker quadrangle, Okla B 641 b 

HendrixBon, W. S., Underground water resoiirces of Iowa W 293 

Henrietta limestone, water in, in Missouri W 196 

Hewett, D. P., Anticlines in southern part of Big Horn Basin B 656 

HickBy W. B., Composition of muds from Columbus Marsh, Nev P 95 a 
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High PlainB, ground water on A 21 iv c, 22 iv c 

See also under indivictual States. 

Highbridge limestone, waterin, in Kentucky '. W233 

Hill, J. M., Economic geology of Gilpin County and adjacent parts of Clear 

Creek County, Colo P 94 

Mineral deposits of Santa Rita and Patagonia mountains, Ariz B 575 

HiU, R.T., Austin folio, Tex OF 76 

Geography and geology of Black and Grand prairies, Tex A 21 vn 

Creology of the .Edwards Plateau and Rio Grande Plain, Tex A 18 n b 

Nueces folio, Tex GF42 

Hills, R. C . , Elmoro folio, Colo GF 58 

Spanish Peaks folio, Colo GF 71 

Walsenburg folio, Colo GF 68 

Hinderlider, M. C., Stream measurements for 1904 W 131 

Stream measurements for 1905 W 173 

Hinds, Henry, Leavenworth-Smithville folio, Mo.-Kans GF 206 

History of ground-water investigations, U. S. Geological Survey, prior to 

1904...! W102; B 227 

Holland, drainage with windmills in W 20 

ground water in, bibliography of W 163 

Hollick, Arthur, New York City folio GF83 

Hollister, G. B., Water of a gravel-fiUed valley near Tully, N. Y W 145 

Hood, 0. P., Tests of pumps and water lifts W 14 

Horsepowers for lifting ground water W 1, 14 

Horton, R. E., Drainage into wells W 145 

Stream measurements for 1905 W 170 

Surface streams of Long Island, N. Y P 44 

Weir experiments, coefficients, and formulas , W 150, 200 

Hot Springs. See Springs and Temperature. 
Hot groimd waters. See under Temperature . 

Howe, Ernest, Ouray folio, Colo GF 153 

Silverton folio. Col GF 120 

Hoyt, J. C, Stream measurements for 1903 W 99 

Stream measurements for 1904 W 131, 132 

Stream measurements for 1905 W 170, 173, 174 

Hubbard, G. D., Columbus folio, Ohio GF 197 

Hudson beds, water in, in Indiana W 114 

Hudson shale, waterin, in Michigan W 114 

Hueco limestone, water in, in Texas GF 1^5 

Huronian quartzite, water in, in Wisconsin S 9 

Hutson, W. F., Irrigation systems in Texas 'W 13 

Hydration produced by ground water M 47 

**Hydiaulic grade plane" A 21 iv c 

Hydraulic rams for lifting water W 1,'254, 256, 258; S 8 

Hydrographic contours. See Maps showing contours of water table. 

Hydrology, division of, early work of W 102; B 227 

Hydrology. See specific areas. 

Hydrolysis of ground water M 47 

Hygrometric water M 47 

I. 

Ice for domestic water supplies B 350 

Ice manufacturing, quality of water for W 233 

Iceland, bibliography of ground water in W 120 

quality of groundwater in B 330, 491, 616 
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Idaho, areas, Boise GF 45 

areas, Curlew Valley W 333 

Nampa quadrangle GF 103 

Nez Perce County W 53, 54 

Pocatello Valley W 333 

Silver City quadrangle GF 104 

Snake River Plaina. B 199 

south margin W 333 

Bouthwestem W 78 

artesian water in. , W 54, 78; B 199; GF 45, 103, 104 

bibliography of ground water in W 120, 163 

early irrigation with ground water in A 16 n e 

hot artesian water in W 78 

hot springs in W 78; GF 104 

irrigation with water from GF 104 

infiltration tunnels in W 54 

irrigation with ground water in A 16 n e; GF 103, 104 

law relating to ground water in W 152 

mineral waters in B 32; MR 1883-1916 

quality of ground water in B 32; GF 45 

spring records for . i. * W 85, 135, 393; B 32 

temperature of ground water in W 78; B 32, 199; GF 104 

well construction in W 78 

well records for W 57, 149; B 264, 298 

Igneous contacts, water in B 319 

Igneous rocks, sodium carbonate water in relation to W 320 

See also Crystalline rocks and Lava. 

Illinois, areas, all of State W 114; A 17 ii h ; M 38 

areas, Belleville quadrangle GF 195 

Boone County B 264 

Breese quadrangle GF 195 

Brown County B 298 

Chicago quadrangle GF 81 

Cook County l . . . B 298 

Crawford County B 298 

Danville quadrangle GF 67 

Dupage County B 264 

East St. Louis district S3 

Galena quadrangle GF 200 

Hancock County B 298 

Henry County B 264 

Herrin quadrangle GF 185 

Lancaster quadrangle GF 145 

La Salle County B 264, 298 

Mineral Point quadrangle GF 145 

Murphysboro quadrangle GF 185 

Patoka quadrangle. GF 105 

Peoria quadrangle B 506 

Rockford W 67 

St. Louis quadrangle B 438 

Schuyler County B 298 

sgiithem W 164 

Springfield quadrangle GF 188 

T^ula quadrangle GF 188 
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niinoifl, arteman water in W67; B438,506; M38; GF 67,81, 196; S3 

bibliography of ground water in W57, 114,120, 149,163, 164 

law relating tD ground water in W 152 

mineral waters in W 114; B 32; MR 1883-1916 

public water supplies in A 17nh; M38; B 506; GP 195; S3 

quality ofgroundwaterin... W164,364; Al7nh; B32,438,506; GF188,200; S3 

spring records for B 32 

temperature of ground water in B 32, 506 

temperature of spring waters in B 32 

well records for W 57, 149; B 264, 298 

wells in, construction of W 164 

cost of W164 

Illustrations showing apparatus for determining color in water W 151 

apparatus for determining thorium in ground water B 395 

apparatus for making underflow measurements W 110, 140; P 44 

area having ground-water discharge ^ W 294 

artesian reservoir, section of S 5 

artesian springs W 34, 90; A 21 nr c 

arteqian wateV power 8 4 

augers for boring wells W 257 

bedding planes in limestone with water oozing therefrom W 254 

blowing spring S 4 

caves containing water W 114; A 21 rv c 

dams, subsurface W 67 

deposits made by hot springs W 338; P 53 

diamond drills W 257 

'*diviningrods" W 416 

drainage wells W 145 

drilling rigs, California W 110, 140 

deep-well P 32 

hydraulic rotary W 257 

jetting process W 30, 140, 257 

oil-weU W113 

portable W 257 

standard W 257 

used in Arkansas P 46 

Georgia S 4 

Great Plains A 21 rv c 

Indiana ■ W 254 

Louisiana P 46 

Michigan W 182 

South Dakota A 18 rv c 

Texas W 141 

wash-process W 145 

driUing tools W 257 

drive point and screen W 257 

driving outfit for tubular wells -. W 159 

dynamometers W 20 

evaporation pans W 294 

fault springs W 199 

field assay kit W 151 

filtration plants .^.... W 315 

fissure springs A 21 vn 
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OlufitratioiiB showing flowing wells W 67, 114; A 22 iv c 

in Alabama S 2 

in Arizona A 21 iv a 

in California W 140, 294 

inColorado W 240; A21iva; P32,62 

in Florida W319' 

in Georgia W341; S4 

in Indiana 1 W 254 

in Kansas W6; A 21 iv c 

in Kentucky W 164 

in Michigan WHS, 182 

in Nebraska W 29,215,216 

in Nevada W 365* 

in New Mexico W 158, 343 

in New York P44 

in North CaroUna S 6 

in Ohio A 19 iv b 

in South Dakota W90; A17ng; 21ivb; P 32 

in Tennessee W 164 

in Texas W 13, 190; A18nb; B164 

in Washington W 55 

geysers in Yellowstone National Park B 396 

infiltration ditches in Galifomia A 21 rv a 

interference of wells W 254 

Jackson candle turbidimeter W 151 

lakes produced by artesian water A 18 iv c 

lifting water, curious devices for W 1 

mud volcanoes in California ; . W 225 

perforators for well casings W 110, 140 

pumping plants in Arizona W 135, 320 

in California W45; S7 

in New Mexico W158 

portable W45 

pumps and other lifting devices, curious and ancient W 1 

used in Egypt W 1 

used in India W 1 

reservoirs for well water W 10, 13, 20, 154; B 319 

sinkholes....: W67,114,343; A 21 iv b, 21 iv c; P53,65 

in Great Plains A 21 iv c 

in New Mexico W343 

in Wyoming A21r7b; P53.65 

siphon elevators W 1 

soil evaporation tanks W 294 

solution channel on fault line B 319 

solution channels in limestone W 254, 259, 374 

spring mounds in New Mexico W 343 

springs, artesian W 34, 90; A 21 iv c 

at outcrop of impervious floor W 67 

blowing i • 8 4 

hot Af d 

in Alabama S 2 

in Alaska W 418 

in Arizona W380 
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Illustrations showing springs in California W 338 

springs in Georgia W 341 ; S 4 

in limestone W 317 ; A 21 iv b 

in Michigan/. T W182 

in Missouri : W 195 

in Montana W221 

in Nebraska W 12 

in New Mexico W 158, 343 

in Texas A ISnb; A21vn 

in Yellowstone National Park A9d 

of large size W 221, 341; A18nb 

produced by faults W 199 

produced by fissures.' A 21 vn 

thermal A9d 

stalactites deposited by ground water in Texas A 18 n b 

stock-watering places W 154, 191 

stovepipe casings W 140 

tablet case used in making assays of water ^ W 151 

tank filled by artesian pressure P 32 

"tanks "for watering live stock W 154; A 22 iv c 

terraces formed by hot springs ." A 9 d 

travertine deposited by hot springs in California W 338 

deposited by springs in New Mexico W 343 

tufa deposited by hot springs W338 

deposited by ground water in Texas A 18 n b 

underflow measurements W 110, 140; P 44; 8 4 

underground streams W 67, 114, 265; A 21 rv c; S 4 

wash drilling W 145 

water holes in Colorado *. P 52 

water power from artesian wells S 4 

water wheels for lifting water W 1, 4^ 13, 319 

well curbs 8 5 

well derricks P 53 

well screens W 101, 141 

well sweeps 8 5 

well, natural W 6; A 21 rv c 

wells, combination dug and drilled A 22 iv c 

in the desert -. W224 

poUuted ' W159,255; 85 

windlass and well curb W 29 

windmills W 1,6,8,20,29,41,42,154, 191; A21ivc22ivc 

curious W 20, 29, 41, 42 

Dutch W41 

for watering live stock W 191; A 21 iv c, 22 iv c 

homemade .- W 1 

See aUo Maps. 

Imbibition M 47 

See aUo Absorption. 
Imports of mineral waters. See under Mineral waters, 
thiprisoned sea water. See Coimate water. 

Improvement of water in wells W 160 

Inclusions of water in rocks M 47 

Incrustations on well screens, analyses of W 256, 293 

causes of W 256, 293 

remedies for W 256, 293 
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Indexes. See Bibliography. 

India, biblic^ni^phy of ground water in W 120, 163 

irrigation with ground water in W 1; A 11 n c 

pumping in W 1, 14 

pumps and other water lifts used in W 1, 14 

Indian Territory. See Oklahoma. 

Indiana, areas, all of State W 114; A 18 iv b 

Danville quadrangle GF 67 

Delaware County B 298 

Ditney quadrangle GF 84 

Jay County B 264 

Marion and vicinity W ll3 

Martin County B 298 

north-central W 264 

northern W 21 

Patoka quadrangle GF 105 

southern W26 

Vanderburg County B 298 

artesian water in W ^1,26, 114, 264; A 18 iv b; GF 67 

bibliography of ground water in W 67, 114, 120, 149, 163 

blowing wells in W 268 

law relating to ground water in W 152 

mineral waters in W 114; A 18 iv b; B 32; M R 1883-1916; GF 84 

public water supplies in W 254; A 18 iv b 

quality of ground water in W 264; A 18 iv b; B 32; GF 84 

salt water in A 18 iv b 

spring records for B 32 

spring waters in, temperature of B 32 

well construction in W 264 

well records for W 57, 149; B 264, 298 

Indications of ground water W224,423; B 308 

Industrial uses of ground water. See under Quality. 

Industrial wastes, drainage of, into wells W 258 

Infiltration ditches and tunnels, construction of W 67, 116, 380 

cost of W 116, 184 

in Arizona W 104, 380 

inCaUfomia W 116; A19nb, 21 iv a; GF 193 

in Colorado W 240 

in Connecticut W 374, 397 

in Hawaii W 318, 445 

in Idaho W 54 

in Nebraska W 184 

in New Mexico W 188, 275, 343, 380 

in Ohio W 259 

in Oregon B 252 

irrigation with water from A 13 n b 

in Utah W 199 

in Viiginia S 8 

Instruments. See Apparatus. 

Intake of ground water. See Absorption of water, Origin of ground water, ■ and 
Quantity of ground water. 

Interference of wells W 67, 122, 137, 184, 223; A 19 ii b; M 27; GF 97; S 8, 9, 12 

Interference with springs and streams, law relating to W 122 

Iodine in ground water W 233, 338; B 47; MR 1911 n n 

56122**— 18— W8P 427 7 
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lone formation, water in, in California W 375 a; GF 138 

Iowa, areas, all of State W 114, 293 

areas, Blackhawk County B 298 

Cherokee County B 264 

Council Bluffs and vicinity P 32 

Des Moines County B 264 

Elk Point quadrangle GF 156 

Floyd County B 298 

Galena quadrangle GF 200 

Lancaster quadrangle GF 145 

Louisa County B 298 

Mahaska County B 298 

northwest comer W 216 

Scott County B 264, 298 

Wapello County B 298 

Waterloo WHS 

artesian water in W146,293; P 32; GF 146, 156 

bibliography of ground water in W 67, 114, 120; 149, 163 

blowing wells in W 258 

law relating to ground water ii; W 152 

mmeral waters in W293; B 82; MR 1883-1916 

pollution of ground water in W 293 

public water supplieffin W 293 

quality of ground water in W 293, 364; B 32; GF 146, 200 

spring waters in, temperature of B 32 

temperature of ground water in W 215, 293 

well records for W 67,149,293; B 264, 298 

lion, field tests for ... i W 151 

Iron in ground water . . W 254, 256, 259, 273, 338, 341, 398, 399; MR 1911 n d, 1916; S 2 

Irrigation, artesian water for A5c 

artesian water for, development of , about 1890 Allnc, ISnia 

early developments of A 16 ne 

early investigations of A 11 n c 

in Algeria Wl36; A line 

in Arizona W 425 a 

fn California W 137, 138, 139, 142, 219, 222, 225, 398 

in Colorado W 240 

in Egypt W 136 

in Georgia S 4 

in Great Plains A 11 ii c 

in Minnesota M 25 

in Montana .' W 400 b 

in Nevada W 375 d, 423, 425 d 

in New Mexico W 158, 425 a 

in North Dakota A 17 n g; M 25 

in South Dakota A 16 n e, 17 n g, 18 iv c 

in Texas Wl3, 71, 375g 

in Washington W55 

e£fect of, on quality of ground water W 9, 58 

onwatertable W 18, 58, 142, 165, 219, 345 h, 375 a 

ground water for, cost of. See under Pumping avd Welle. 

ground water for, development of, about 1890 , A 11 H c, 13 in a 

developments of , in 1906 W234 

early developments of A 13 nx b, 16 n e 
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Irrigation, ground water for, flood waters in connection with W 320, 343 

in Arizona W 104, 136, 320, 375 b, 426 a; A16ne 

in Arkansas W399 

in California W 17, 

45, 58, 59, 60, 89, 116, 137, 138, 139, 142, 181, 219, 
222, 225, 278, 345 h, 375 a, 398, 400 e; A 16 ii e 

in Colorado W 9, 240; A 16 n e, 16 n f, 21 iv c, 22 iv c 

in Egypt W 1, 136 

in foreign countries A 13 lu b 

in Georgia W341; S4 

in Great Plains W 5, 8, 345 b; A 16 n f, 21 iv c, 22 iv c 

in Hawaii W 318, 336 

in High Plains A 21 iv c, 22 iv c 

in Idaho A 16 n e; GF103 

in India Wl; Allnc 

in Kansas W 6, 8, 153, 258, 345 a b; A 16 n e, 16 nf, 21 iv c, 22 iv c 

in Louisiana W 101 

in Montana W 345, 400 b 

ia Nebraska W 12, 

29, 184, 216, 425 b; A 16 n e, 16 n f , 19 iv c, 21 iv c, 22 iv c; P 17 

in Nevada W 365, 375 d, 423, 425 d 

in New Mexico W 10, 

140, 141, 188, 260, 275, 343, 345 c, 380, 422 
425 a; B 618; A 16 n e, 21 iv c, 22 iv c 

in North Dakota A 16 n e 

in Oklahoma W 148, 345 b, 345 d; A 16 n e, 21 iv c; 22 iv c 

in Oregon W 220, 231 ; A 16 ii e; GF 103 

in South Dakota A 16ne, 17 ng, 18 iv c 

in Texas W 13, 71, 154, 191, 375 g; A 16 u e, 21 iv c, 22 iv c 

in Utah W 217, 277, 333; A 16 u e 

in Washington • W 55, 316, 425 e; A 16iie 

in Wyoming W 425 b ; A 21 iv c, 22 iv c 

hot springs for GF 104 

quality of ground water for W 260, 274, 320, 333, 335, 343, 375 g,* 398, 399 

rice, ground water for W 101, 399 

Bubsurfoce A 13 iii b 

supplementary, ground water for W 275, 320 

temperature of ground water for W 398 

Isochlors, in Connecticut W 144, 232 

in Maine W 144 

in Massachusetts W 144 

in New Hampshire W 144 

in New York W 144 

in Rhode Island W 144 

in Vermont W 144 

in Virginia S 8 

Italy, bibliography of ground water in W 163 

quality of ground water in B 330, 491, 616 



Jackson, D. D., Normal chlorine in New York and New England. ^ W 144 

Jackson wal measures, water in, in Michigan W 30 
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Jackson formation, water in, in Arkansas W 3d9 

water in, in Florida W 319, 128 

in Georgia W341; S4 

in Louisiana W 114 

in Mississippi W 159 

Jameco gravel, water in, in New York P 44 

Japan, bibliography of ground water in W 163 

Java, quality of ground water in B 330, 491, 616 

Jefferson City limestone, water in, in Missouri W 195 

Johnson, B. L., Bibliography of ground- water literature in 1905 W 163 

Coastal Plain of North Carolina S 5 

Johnson, D. W., Law relating to ground water W 122 

Johnson, Q, A., Purification of public water supplies W 315 

Johnson, H. R., Water resources of Antelope Valley W 278 

Johnson, L. C, Underground waters of MissiBsippi W 102, 114 

Underground-water resources of Mississippi W 159 

Johnson, W. D., The High Plains and their utilization A 21 iv 6, 22 iv c 

Joints, artesian water in W 160, 232; B 319 

depths of W160, 232 

drilling in relation to W 223, 256 

in crystalline rocks, water in W 160, 232 

in gneiss, water in W 223 

in granite, water in W 223 

in schist, water in W 223 

in slate, water in W 223 

large springs issuing from W 221 

pollution of water in W 258 

springs in relation to W 221, 232 

water in 114, 145, 160, 221, 223, 232, 254, 258; B 319; GF 149 

Jordan sandstone, water in, in Iowa W 293 

water in, in Minnesota : W 256; GF 201 

See also Cambrian sandstones and Potsdam sandstone. 

Jurassic formations, water in, in Arizona W 380 

water in, in Kansas A 16 n f 

in Nebraska A 16 n f; GF 108 

in New Mexico W 380 

in South Dakota P 32; GF 107, 127, 164 

in Utah W 380; B 628; P 56 

in Wyoming P 32, 56, 65; B 471, 543; GF 107, 108, 127, 150 

See also specific formations. 
Juvenile waters W 160; B 319, 330,491, 6ie 

K. 

Kansas, areas, all of State W 273; A 11 ii c 

areas, Allen County B 298 

Arkansas Valley W 153, 345 a 

central A 21 iv c, 22 iv c ; P 32 

Garden City and vicinity W 140, 153 

Greeley County B 264 

Independence quadrangle GF 159 

lola quadrangle B 238 

Joplin district W 145; GF 148 

Leavenworth quadrangle G 206 

Meade artesian basin W 6; A 21 iv c 

northwestern A 16 n f 
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Eaneaa, areas, St. Francis and vicinity W 258 

southwestern W 6 

western A 21 iv c, 22 iv c; P 32 

Wichita and vicinity ; W 345 a 

artesian water in W6,273; A 11 ii c, 16 ii f, 21 iv c; P32; GF 148 

bibliography of ground water in , W 57, 120, 149, 163 

blowing wells in A 16 n f 

irrigation with ground water in W 5,' 

6, 153, 258, 345 a, b; A 11 n c, 16 ii e, 16 ii f, 21 iv c, 22 iv c 

irrigation with windmills in W8 

niineral waters in B 32; MR 1883-1916; GF 148, 159 

public water supplies in W273; P32; GF 148 

pumping in, cost of W 153,258,345 a 

pumping tests in W 140, 153, 258, 345 a 

quality of ground water in W 6, 

145, 153, 273, 345 a; B 32, 330, 431, 530 b, 606, 616; P 32; GF 206 

spririg records for B 32 

spring water in, temperature of B 32 

underflow measurements in W 153, 258 

water-table in, fluctuations of W 153 

well records for W 57, 149; B 131, 264, 298 

wells in, construction of W 258,345 a 

cost of W345a; A 11 ii c 

windmills in W8,41 

Karst water. See Limestone. 

Katamorphism, zone of, ground water in relation to M 47 

Keith, Arthur, Mount Mitchell folio, N. C.-Tenn GF 124 

Piegah folio, N. C.-S: C 'gF147 

Roan Mountain folio, Tenn.-N. C , GF 151 

Washington quadrangle, D. C.-Md.-Va GF 70 

Kelton, F. C, Geology and water resources of Sulphur Spring Valley, Ariz. . . W 320 

Kentucky, areas, all of State W 102, 114 

areas, blu^rass region W 233 

Cretaceous area W 164 

Estill County B 661 d 

Irvine oil field B 661 d 

Kenova quadrangle GF 184 

Metcalfe County B 298 

Middlesboro-Harlan region W 110 

north-central W233 

west of Tennessee River ... W 164 

artesian w^ter in W 164, 233 

bibliography of ground water in • W 57, 114, 120, 149, 163, 164, 233 

law relating to ground water in W 152 

mineral waters in W 164,233; B 32; MR 1883-1916 

public water supplies in W 233 

quality of ground water in W 102, 

164, 233. 364; B 32, 330, 491, 606, 616, 661 d; GF 184 

spring records for ! B 32, 661 d 

spring water in, temperature of B 32 

well records for W 57, 149; B 298 

wells in, construction of W 164 

cost of W164 
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Keokuk limestone, water in, in Illinois B 438 

water in, in Missouri W 195; B 438 

Keweenawan formations, water in, in Wisconsin S 9 

Keyes, C. R., Geology and underground water conditions of the Jornada del 

Muerto, N. Mex W 123 

Kinderhook formation, water in, in Illinois B 438 

water in, in Iowa W293 

in Missouri B 438 

Kindle, E. M., Water resources of the Catatonk area, N. Y W 145 

Ni^ara folio, N. Y GF190 

Watkins Glen-Catatonk folio, N. Y GF 169 

King, F. H. , Movements of ground water A 19 n b 

King's aspirator, description of W 67 

Kingsbury conglomerate, water in, in Wyoming GF 141,- 142 

Knapp, G. N. , Underground waters in New Jersey W 114 

Philadelphia folio, Pa.-N. J.-Del GF 162 

Knobstone formation, water in, in Indiana W 114 

Kokomo limestone, water in, in Indiana W 254 

Kunmiel, H. B., Franklin Furnace folio, N. J GF 161 

Passaic folio, N.J.-N.Y GF 157 

Philadelphia folio, Pa.-N. J.-Del GF 161 

Raritanfolio, N. J GF 191 

Trenton folio, N. J.-Pa GF 167 

LaFoige^ Laurence, Ellijay folio, Ga.-N. C.-Tenn GF 187 

Massachusetts, well and spring records for W 102 

Water resources of the central and southwestern highlands of New Jersey. . W 110 

La Motte sandstone^ water in, in Missouri W 195 

Lacustrine deposits, artesian water confined under W 425 a 

water in W257 

in Arizona W 425 a 

in Illinois GF 105 

in Indiana GF 105 

in Manitoba M 25 

in Michigan GF 205 

in Mumeeota M 25 

in Montana W 221, 400 b 

in North Dakota M 25 

in Oregon W 220, 231 

in Utah W 217, 277,333 

in Washington W425 e 

in Wisconsin W 114; S9 

Lafayette formation, water in, in Arkansas W 399; P 46 

water in, in Atlantic Coastal Plain B 138 

in Florida W319 

in Georgia , S4 

in Kentucky W164 

in Louisiana P 46 

in Maryland , GF 13, 23, 152 

in Mississippi 'W 159 

in Missouri W 195 

in North Carolina ! S 6 

in Tennessee W 164 

in Virginia •. GF 13, 23; S 8 
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Lagrange fonnation, water in, in Kentucky W 164 

water in, in Missouri W 195 

in Tennessee W 164 

Lake beds. See Lacustrine deposits. 

Lakes, underground 8 8 

Lakota sandstone, water in, in Montana GF 138 

water in, in Nebraska GF 85, 108 

in South Dakota A 21 iv b; P 32, 65; GF 85, 107, 108, 128, 164 

in Wyoming A 21 iv b; P 32, 65; GF 107, 127, 128, 150 

Lamination planes, water in W 319 

Lance formation, water in, in North Dakota B 575; GF 181 

water in, in South Dakota B 575 

in Wyoming B 656 

Landee, Henry, Underground waters of Washington W 111 

Lane, A. C, Flowing wells and municipal water supplies in the southern 

peninsula of Michigan W 182, 183 

Lower Michigan mineral waters W31 

Water resources of the lower peninsula of Michigan W 30 

Lansing formation, water in, in Kansas GF 206 

water in, in Missouri ^ GF 206 

Laramie formation, water in, in Colorado M 27; P 32, 52; GF 71 

water in, in Kansas P 32 

in Nebraska P 32; GF 87 

in South Dakota W 227; P 32 

in Wyoming P 32 

Lairison, G. K., Report of Water Commission of Hawaii S 12 

Surface water supply of Hawaii, 1913-1915 W 430 

Surface water supply of Hawaii, 1915-16 W 445 

Water resources of Hawaii, 1912 W336 

Lathas for lifting water W 1 

Lava, artesian water in W 4; B 199; S 12 

water in * W 110, 160; B 319 

in California W 219, 375 a; GF 138 

in Connecticut ............ = .. W 232, 374 

in Hawaii W77; S 12 

in Idaho W 54; B 199 

in Maine W 223 

in Nevada W 365 

in Oregon W 220,231; B 252 

in Texas G F 64 

in Utah W 277 

in Washington W 4, 55, 118, 316, 425 e; G F 106 

Law, natural, of flow of ground water W 67, 140; A 19 ii b 

natural, of flow of water into wells W 140 

of movement of ground water M 47 

prohibiting flooding of oil wells W 257 

relating to artesian water in Hawaii S 12 

in Michigan W 182 

in South Dakota S3 

in Washington 1 W 55, 78 

relating to ground water, in Arkansas W 152 

in California W 122, 152 

in Colorado W9, 122 

in Connecticut ' W 152 
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Law, relating to ground water, in Florida W 152 

in Georgia W 152 

in Idaho W 122, 152 

in Illinois W 152 

in Indiana W 1 52 

in Iowa W 152 

in Kentucky W 152 

in Maine W 152 

in Maryland W152 

in Maasachusetta W 152 

in Michigan c W 122, 152, 182, 183 

in Minnesota W 152 

in Missouri W 152 

in Nebraska W 122, 152 

in Nevada W 122, 152 

in New Hampshire W 152 

in New Jersey W 122, 152 

in New Mexico ., W152 

in New York W 1 52 

in North Carolina W 152 

in Ohio W 152 

in Oklahoma W 122, 152 

in Oregon W 122,152 

in Pennsylvania W 152 

in Rhode Island W 152 

in South Dakota W 122; S3 

in Tennessee W 152 

in Texas W 152 

in Utah W 122, 152 

in Vermont W 152 

in Virginia W 152 

in Washington W 55, 78, 122, 152 

in West Virginia W152 

in Wisconsin W 122 

in Wyoming W 122, 152 

relating to pollution of ground water W 122, 152 

Laws for filing well records W 78 

Lawson, A. C, San Francisco folio, Cal GF193 

Lead in ground water W 264, 399 ; B 47, 606 

Leaks in artesian wells, methods of detecting W 118; A 5 e 

Lee, C. H. , Ground-water resources of Indian Wells Valley, Cal S 7 

Subterranean storage in San Bernardino Valley, Cal S 6 

Water resources of a part of Owens Valley, Cal - W 294 

Lee, W. T., Geologic reconnaissance of part of western Arizona B 352 

Geology and water resom-ces of Owens Valley, Cal W 181 

Underground waters of Gila Valley, Ariz W 104 

Underground waters of Salt River Valley, Ariz W 136 

Water resources of Beaver Valley, Utah W 217 

Water resources of Rio Grande valley in New Mexico and their develop- 
ment W 188 

Legal. See Law. 
Legislation. See Law. 
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Leighton, M. 0., Field assay of water W 151 

Quality of water in Susquehanna River basin W 108 

Leona formation, water in, in Texas A 18 n b; GF 6^ 

Leonard, A. G., Bismarck folio, N. Dak GF 181 

Leverett, Frank, Ann Arbor folio, Mich GF 155 

Danville folio, Ill.-Ind GF 67 

Flowing wells and municipal water supplies of southern peninsula of Mich- 
igan W 182, 183 

Flowing wells in northern Michigan W 160 

Illinois glacial lobe M 38 

Underground waters of Illinois, Indiana, and Ohio W 114 

Water resources of Illinois A 17 ii h 

Water resources of Indiana and Ohio A 18 rv b 

Wells of northern Indiana W 21 

Wells of southern Indiana ' W 26 

Lexington limestone, water in, in Kentucky W 235 

Lifting devices. See Pumps and other lifting devices. 

Limestone, caverns formed by ground water in W 233, 255, 259 ; S 4 

drainage into wells in W 258 

pollution of water in W 233, 255, 258; S3 

solution channels in W 233, 256, 259 

turbidity of water in S3 

water in WHO, 

113, 114, 148, 158, 223, 232, 233, 254, 255, 256, 257, 
258, 269, 293, 319, 374; A 5 c; GF 170, 173; S 3, 9, 10 

lindgren, Waldemar, Boise folio, Idaho GF4^ 

Clifton folio, Ariz GF 129 

Colfax folio, Cal GF 66 

Marysville folio, Gal GF 17 

Nampa folio, Idaho-Or^ GF 103 

Silver City folio, Idaho GF 104 

Trackeefoao, Cal GF39 

Water resources of Molokai, Hawaiian Islands W 77 

Lines, E. F., Records of deep wells, 1904 B 264 

Lippincott, J. B., Development and application of water near San Bernardino, 

Colton, and Riverside, Cal W 59, 60 

Storage of water on Kings River, Cal W 58 

Water problems of Santa Barbara, CaJ W 1 16 

liflsie gravel, water in, in Texas .• W 336 

Literature on ground water. See Bibliography; 

Lithium in ground water W 160, 259, 338 ; B 47 ; MR 191 1 ii n 

Little, H. P., Tolchester folio, Md 'l GF 204 

Live stock, quality of water for W 335, 343 

Lloyd, E. R., Lignite field of northwestern South Dakota B 627 

Lloyd sand, water in, in New York P 44 

Loam, water in • W 159 

Locating water in deserts W 224, 423; B 308 

Loess, turbidity of ground water due to S3 

water in, in Illinois W 164; GF 105, 188, 195; S 3 

in Indiana GF 105 

inlowa W293;GF156 

in Kentucky W 164 

in Minnesota W 256 
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Loess, water in, in Mississippi W 159 

in Nebraska GF 156 

in Ohio W 259 

in South Dakota ' GF 156 

in Tennessee W 164 

in Wisconsin S 19 

Logan sandstone, water in, in Ohio W 114 

Logarithms for recomputing water analyses W 293 

Long Island. See New York. 

Loss of ground water. See Discharge of ground water. 

Lost rivers A 18 iv b, 21 iv c 

Louisiana, areas, all of State '. W 114 

areas, Coastal I>lain B 282 

northern P 46 

southern W 101 

artesian water in W 101; P 46 

bibliography of ground water in W 114, 120, 149, 163 

blowing wells in i W 258 

mineral waters in W 114; B 32; MR 1883-1916 

public water supplies in W 101 ; P 46 

quality of ground water in W 101; P 46; B 330, 491, 616 

rice irrigation with ground water in W 101 

salt water in B 530 b 

salt water in oil fields of B 282 

spring records for B 32 

well records for W149; B264, 298 

wells in, construction of P 46 

cost of P46; B282 

Louisiana limestone, water in, in Missouri W 195 

Lower Magnesian limestone, water in, in Illinois A 17 n h; GF 81 

water in, in Wisconsin W 14; S 9 

See also New Richmond sandstone, Oneota limestone, Prairie du Chien 
group, and Shakopee dolomite. 

Lucas dolomite, water in, in Michigan GF 205 

Lupton, C. T., Anticlines in southern part of Big Horn Basin, Wyo B 656 

Bull Mountain coal field, Mont B 646 

Geology and coal resources of Castle valley in Carbon, Emery, and Sevier 

counties, Utah B 628 

Oil and gas near Basin, Wyo ^ B 621 

Oil and gas near Green River, Utah B 541 d 

Lysim^ters for measuring absorption of water W 156 

M. 

McCallie, S. W., Undei^ound waters of Georgia W 114 

Underground waters of Georgia S 4 

Well and spring records for Georgia ^ . . W 102 

Well contamination at Quitman, Ga W 110 

McGee, W J, Potable waters of eastern United States A 14 n a 

McGlashan, H. D., Surface water in California, 1912 W 331 

Water resources of California, Part III W 300 

Mc Louth, C. D., Flowing wells and municipal water supplies of southern 
Michigan W 183 

Magmatic waters W 160; B 319, 330, 491, 616 
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Magnesium in ground water W 254, 259, 273, 338, 341, 343, 398; MR 1911 n n 

Magnetism in ground water W 258; S 8 

Magothy formation, water in, in Maryland GF 152, 182, 204 

Mahoning sandstone, water in, in Pennsylvania GF 123 

Maine, areas, all of State W 102, 114, 258 

areas, Cumberland County. B 298 

Eastport quadrangle GF 192 

near Augusta W 145 

Penobscot Bay quadrangle GF 149 

Portsmouth- York r^on W 145 

Rockland quadrangle ! GF 158 

southern W 223 

artesian water in W 145, 223, 258; GF 149, 158. 

bibliography of ground water in W 114, 120, 163 

isochlors in W 144 

law relating to ground water in W 152 

mineral waters in W 258; B 32; MR 1883-1916; GF 149 

pollution of ground water in W 223 

public water supplies in W 114, 223; GF 149 

quality ofgroun'd water in.. W 102, 114, 223, 268, 364; B 32, 330, 491, 616; GF149 

spring records for B 32 

spring water in, temperature of B 32 

well records for W 57, 149, 223; B 264, 298 

wells in, construction of W 223 

cost of W258 

Malt making, quality of water for W 233, 254, 341. 398 

Manganese in ground water W 338; B 47; MRl911iin 

Manitoba, ground water in, quality of M 25 

southern M 25 

-Manufacturers of well drills W 257 

Maps, representation of wells and springs on W 160 

Maps showing absorption areas in New Mexico W 158 

absorption areas in South Dajsota A 21 iv b 

in Texas * W 375 g; A 21 vii 

in Wisconsin A 17 n h; M 38 

in Wyoming A 21 iv b 

areas irrigated with ground water in Arizona W 425 a 

in California W 137, 138, 139, 142, 219, 225 

areas of artesian flow in Alabama W 114 

in Arizona W 425 a 

in Arkansas W 399; P 46 

in California W 89, 137, 138, 139, 142, 213, 219, 222, 225, 278, 398; S 6 

fluctuations of W 137, 138, 139, 142, 213, 219; S B 

in Colorado W 240; P 32, 52; GF 36, 58, 68, 71, 135 

in Florida W 114 

in Georgia W 114, 341; S4 

in Illinois A 17 n h; M 38 

• in Indiana W 254 

in Iowa : W 215; P 32 

in Kansas P 32 

in Maryland GF 23 

in Michigan W 182, 183; GF 155, 205 

in Minnesota W256; GF 117 

in Mississippi W 159 
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Maps showing areas of artesian flow in Montana GF 128 

in Nebraska W 215; A 19 iv c; P 17, 32; GF 85 

in Nevada , W425d 

in New Mexico W 158 

in North Dakota A 17 ii g; GF 117, 168 

in Ohio I W269 

in South Dakota W 90, 215; *A17ng; 

P 32, 65; GF 85, 96, 97, 99, 100, 107, 108, 113, 114, 128, 164. 165 

in Texas W 335, 375 g; A 21 vn 

in Utah W 157, 277, 333 

in Virginia GF23; S8 

in Wyoming P 32, 63; GF 107, 127, 128, 150, 173 

areas of black alkali water W 320 

areas of colored ground water W 240 

areas of ground-water discharge W 375 d, 423, 425 d 

contours of oil-water and gas-water surfaces B 658 

contoiu^ of water table W67; A 19 nb 

in Arizona W 320 

in CaUfomia W 59, 137, 138, 139, 142, 219, 222, 294, 345 h, 398, 400 e 

in Montana W345g 

inNew Mexico W343; GF207 

in New York P44 

in Washington W 42b*e 

depths to water-bearing formations in Colorado. . P 32, 52; GF 36, 58, 68, 71, 135 

in Iowa .' W 215; GF 156 

in Kansas P 32 

inMaryland B 138; GF 136 

in Minnesota GF 117 

in Montana GF 128 

in Nebraska W 12,215; GP 85, 156; P 32 

in North Dakota A 17 n g; GF 117 

in South Dakota W 34, 90, 215, 227,428; A 17 n g, 21 iv b; P 32; GF 

85, 97, 99, 100, 107, 108, 113, 114, 127, 128, 156, 164, 165 

in Texas ." A 21 vn 

in Wyoming A 21 iv b; P 32; GF 107, 127, 128, 150, 173 

depths to water table in Arizona W 320, 375 b, 425 a 

in California W 375 a, 400 e 

in Connecticut W 374, 397 

in Kansas W6 

in Nebraska W425 b; A 19iv c; P 17 

in Nevada W 375 d, 423 

in New Mexico W 275, 343, 345 c, 422, 425 a; B 618; GF 207 

in Utah : W 157, 199 

in Wyoming W 425 b 

desert watering places in Arizona W 380 

in California W 224; B 308 

in Nevada W 224,365; B 308 

in New Mexico W 34?, 380 

in Utah a W 277, 333 

faults in relation to carbonated springs W 338 

to flowing wells A 18 ii b 

to ground-water levels W 346 h 

to hot springs W338 

to springs W 338 ; A 18 n b 

to sulplfur springs W 338 
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Maps showing ground-water divide on Long Island, N. Y P 44 

head of artesian water in Arkansas p 46 

in Colorado P 62; GF 135, 186 

in Illinois ; W 164 

in Kansas A 21 iv c 

in Kentucky W 164 

in Louisiana i p 46 

in Michigan GF 205 

in Nebraska. . . .• GF 85 

in North Dakota A17iig;GF117 

in South Dakota W 90, 227; A 17 ii g; GF 85, 96, 97, 99, 100, 108, 114, 165 

in Tennessee W 164 

in Wisconsin : S 9 

localities where irrigation with artesian water is practicable A 17 n g 

movement of ground water W 67; A 19 n b 

quality of ground water, bicarbonates in Arizona W 320 

black alkali in Arizona W 320 

carbonates in Arizona W 320 

chlorine in Arizona W320 

in Connecticut W 144, 232 

in Maine W 144 

in Massachusetts W 144 

in New Hampshire W 144 

in New Mexico W 275 

in New York W 144 

in Rhode Island W 144 

in Vermont W 144 

in Virginia S 8 

hardness in Arizona W 320 

in Iowa W 293 

in Michigan W 31 

in Minnesota W 256 

in Wisconsin S 9 

potability in North Carolina S 4 

relation to depth in Minnesota W 256 

saline shallow water in Michigan W 30, 31 

sulphates in Arizona W 320 

in California W 398 

in New Mexico W 275 

total solids in Arizona W 320 

in California W 137, 138, 139 

relation of glacial drift to ground water W 21; A 18 iv b; M 38 

sinkholes W319 

structure contours of water-bearing formations in Colorado P 32, 52 

in District of Columbia GF 70, 152 

in Iowa W 114 

in Kansas P 32 

in Louisiana P 46 

in Maryland GF.24, 70, 152, 182 

in Nebraska W 12; P32 

in North Dakota GF 168 

in South Dakota P 32 

in Texas W 335; A 21 vn 

in Virginia GF 23, 70 

in Wyoming P 32 
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Mape showing temperature in deep wells, rates of increase in A 18 iv c 

temperature of ground water in Michigan W 182, 183 

thickness of water-bearing deposits W 254, 256, 259; GF 205 

vegetation in relation to water supplies in Arizona W 320 

in Nevada W423 

in New Mexico W 343 

water table in California, fluctuations of W 345 h, 400 e 

watering places on routes of travel in Arizona W 380 

in California W224; B 308 

in Nevada W 224, 365; B 308 

in New Mexico W 343, 380 

in Utah W 277, 333 

yields of flowing wells A 18 iv c 

Maquoketa shale, ground water in relation to, in Wisconsin S 9 

water in, in Iowa W 293 

in \finnesota W 256 

Marl, water in, on Great Plains A 16 n f 

Marshall formation, water in, in Michigan W 30, 31, 114 

Martin, G. C, Accident-Grantsville folio, Md.-Pa.-W. Va GF 160 

Water resources of the Accident and Grantsville quadrangles, Md W 110 

Water resources of the Frostbuig and Flintstone quadrangles, ,Md.-W. Va. . W 110 
Water resources of the Pawpaw and Hancock quadrangles, W. Va.-Md.-Pa. W 145 

Martin, Lawrence, Mineral resources of Johnstown, Pa B 447 

Martin, W. F., Water resources of Hawaii, 1909-1911 W 318 

Maryland, areas. Accident quadrangle W 110; GF 160 

areas, all of State W 114 

Anne Arundel County B 298 

Choptank quadrangle GF 182 

Coastal Plain B 138 

Dover quadrangle GF 137 

Flintstone quadrangle. • W 110 

Fredericksbuig quadrangle GF 13 

Frostburg quadrangle W 110 

Grantsville quadrangle W 110; GF 160 

Hancock quadrangle W 145; GF 179 

near Baltimore W 114; B 138 

Nomini quadrangle GF 23 

Patuxent quadrangle. GF 152 

Pawpaw quadrangle W 145, 179 

St. Marys County B 298 

St. Marys quadrangle GF 136 

Talbot County B 298 

Tolchester quadrangle GF 204 

Washington quadrangle GF 70 

artesian water in B 138; GF 23, 70, 136, 137, 152, 160, 179, 182, 204 

bibliography of ground water in W 114, 120, 149, 163 

law relating to ground water in W 152 

mineral waters in B 32; MR 1883-1916; GF 152 

public water supplies in B 138 

quality of ground water in W 258; B 32j GF 136, 137, 179, 204 

spring records for B 32 

spring water in, temperature of B 32 

y«rell records for, ;....... ,...,,..,,,,., „,,,,... W&7tl49j B 298 
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Massachusetts, areas, all of State W 102, 114 

areas, Brookline : W 374, 397 

Central Lowland WHO 

Hampshire County B 298 

Taconic quadrangle W 110 

bibliography of ground water in W 114, 120, 163 

iflochlors in W 144 

law relating to ground water in W 152 

mineral waters in MR 1883-1916; B 32 

normal chlorine in W 114 

public water supplies in W 374, 397 

quality of ground water in W 102, 110; B 32 

spring records for W 102 ; B 32 

efpring water in, temperature of B 32 

well records for W 57, 149; B 264, 298 

Matawan formation, water in, in Atlantic Coastal Plain B 138 

water in, in Maryland GF 182, 204 

• in New Jersey W 106; GF 167 

in Pennsylvania W 106; GF 167 

Matson, G. C, Geology andground waters of Florida W 319 

Pollution of water in limestone W 268 

Production of mineral waters MR 1910-1912 

Water resources of the Blue Grass region, Ky W 233 

Mathews, E.H., Tolchester folio, Md GF 204 

Maysville formation, water in, in Kentucky W 233 

water in, in Ohio W 259 

Mechanical water elevators W 1, 1, 

Medicinal properties of water W 31, 164, 195, 233, 254, 269, 293, 335, 338, 

341; A 14 n b; MR 1911 n n, 1913 ii h 

Medina formation, water in, in Indiana W' 114 

water in, in Ohio A 19 iv b 

Meeker, R. I., Surface water supply, 1906 W209 

Meeteetse sandstone, water in, in Wyoming B 656 

Meinzer, O. E., Artesian water for irrigation in Little Bitterroot Valley, Mont. W 400 b 

Geology and underground waters of southern Minnesota. . . ^ W 256 

Geology and water resources of Big Smoky, Clayton, and Alkali Spring 

valleys, Nev W 423 

Geology and water resources of Estancia Valley, N. Mex W 275 

Geology and water resources of Sulphur Spring Valley, Ariz W 320 

Greology and water resources of Tularosa Basin, N. Mex W 343 

Groimd water for irrigation in Lodgepole Valley, Neor.-Wyo W 425 b 

Ground water for irrigation near Wichita, Kans W 345 a 

Ground water for irrigation on the Great Plains W 345 b 

Ground water in Big Smoky Valley, Nev. (preliminary) W 375 d 

Ground water in Juab, Millard, and Iron counties, Utah W 277 

Ground water in Paradise Valley, Ariz W 375 b 

Ground water in Quincy Valley, Wash W 425 e 

Ground waters of Estancia Valley, N. Mex. (preliminary) W 260 

The divining rod, a history of water witching (introductory note) W 416 

Underground water resources of Iowa ,,,.,..* W 293 

Water resources of Butte, Mont. , , , , W 345 

Mendenhall, W. C, Conservation of underground water , W 234 

Desert watering places in California and Nevada , , , W 224 

Development of underground waters in the ^^tral Coastal Plain of south- 
era California ........,,..., ,.,,,..,...............,;... W188 
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Mendenhall, W. 0., Development of underground waters in the eastern Coastal 

Plain of southern California W 137 

Development of undeiground waters in the western Coastal Plain of south- 
em C alif omia W 139 

Fluctuations of ground-water levels in southern California W 251, 331 

Ground waters and irrigation enterprises in the foothill belt of southern 

California , W 219 

Ground water in San Joaquin Valley, Cal W398 

Ground- water levels in southern California W 213 

Ground waters of San Joaquin Valley, Cal. (preliminary) W 222 

Ground watersof the Indio region, Cal., with asketch of liie Colorado Desert. W 225 

Hydrology of San Bernardino Valley, Cal W 142 

Underground water in southern California W 146 

Underground water papers, 1910 W 258 

MerriU, F.J. H., New York City folio GF83 

Mesaverde formation, waterin, in Wyoming B d56; GF 173 

Mesozoic formations. See specific /ormationa; also Cretaceous, Jurassic, and 
Triassic. 

Meters for measuring tmderflow W 140, 141 

Methods. See specific stibjeds. 

Mexico, bibliography of ground water in W 163 

quality of ground water in. B 629 

Michigan, areas, Albion and vicinity W 170 

areas, Ann Arbor quadrangle GF 155 

Detroit quadrangle GF 205 

Grosselsle W 145 

northern peninsula W 114, 160 

southeastern W 145 

southern peninsula W 30, 31, 102, 114, 182, 183 

artesian water in W 145, 160, 182, 183; GF 155, 205 

law relating to W 182 

bibliography of ground water in W 57, 114, 120, 149, 163 

blowing wells in W 258 

drainage into wells in W 145, 160 

fluctuations of water table in : W 30 

laws relating to groimd water in W 122, 152, 182, 183 

mine waters in, quality of W 364 

mineral waters in W 114; B 32; MR 1883-1916; GF 155,205 

pollution of ground water m W 30, 31 

public water supplies in W 30, 160, 182, 183; GF 155 

spring records for f W 170; B 32 

temperature of ground water in W30, 182,183; B 32 

well construction in W 30, 182, 183 

well records for W 57, 149; B 264, 298 

Michigan formation, water in, in Michigan W 30, 114 

Midway formation, water in, in Georgia W 341 

water in, in Mississippi W 159 

Miller, B. L., Choptank folio, Md GF 182 

Dover folio, Del.-Md.-N. J GF 137 

Patuxent folio, Md.-D. C '.' GF 152 

Philadelphia folio, Pa.-N.J.-Del.. GF 161 

St. Marys folio, Md.-Va GF 136 

Tolchester folio, Md : GF 204 

Trenton folio, N. J.-Pa GF 167 
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Miller, W. J., Underground water reeources of Iowa W293 

Millican formation, water in, in Texas GF194 

Mine waters. See under Klines. 

^fineral waters, analyses of, bibliography of MR 1913nh, 1916 

bibliography of MR 1906, 1913 nh, 1916; S4 

chemical character of B 330,491,616 

classification of W 293, 338 

ccmcentrationof W341;MR1911nn 

definition of W 338; B 330, '491, 616; A 14 n b; MR 1883-1916 

exportsof, from United States MR 188^-1916 

history of A 14 n b; MR 19i4 

imports of, into United States MR 1883-1916 

in Alabama W 114; B 32; MR 1883-1916; GF 175; S 2 . 

in Alaska W 418; B 32; MR 1883, 1884 

in Arizona B 32 ; MR 188^-1916 ; GF 129 

in Arkansas W 114, 145; B 32; P 46; MR 1883-1916; GF 154 

in Austria-Hungary MR 1916 

in California W 338 ; B 32 ; MR 188^-1916 ; GF 39, 101 

in Colorado B 32; MR 1883-1916; GF 153, 203 

in Connecticut W 114, 232; B 32; MR 1883-1916 

in Delaware B 32; MR 1883-1916 

in District of Columbia W 114; B 32; MR 1896-1914 

in England MR 1916 

in Florida W 114; B 32; MR 1883-1916 

in France MR 1916 

in Georgia W 114, 160; B 32; MR 1883-1916; GF 187; S 4 

in Germany MR 1916 

in Greece (ancient) A 14 n b 

in Idaho B 32; MR 188^-1916 

in Illinois W 114; B 32; MR 1883-1916 

in Indiana W 114; A 18 iv b; B 32; MR 1883-1916; GF 84 

in Iowa W 293; B 32; MR 1883-1916 

in Kansas B 32 ; P 32 ; MR 1883-1916 ; GF 148, 159, 206 

in Kentucky W 164, 233; B 32; MR 1883-1916 

in Louisiana W 114 ; B 32 ; P 46 ; MR 1883-1916 

in Maine W 258; B 32; MR 1883-1916; GF 149 

in Maryland B 32; MR 188^-1916; GF 152 

in Mafflachusetts W 114; B 32; MR 1883-1916 

in Michigan W 31, 114; B 32; MR 1883-1916; GF 155, 205 

in Minnesota B 32; MR 1883-1916 

in Miwriflfrippi. W 114; B 32; MR 1883-1916 

in Missouri W 195; B 32; MR 1883-1916; GF 206 

in Montana B 32; MR 1883-1916; GF 24, 56 

in Nebraska B 32; MR 1905-1916 

in Nevada B 32; MR 1883-1916 

in New Hampshire B 32 ; MR 1883-1916 

in New Jersey W 114; B 32; MR 1883-1916 

in New Mexico B 32; MR 188^-1916 

in New York W 114, 145; B 32; MR 1883-1916; P 44; GF 92, 169, 190 

in North Carolina W 114; B 32; MR 1883-1916 

in North Dakota B 32; MR 1883-1916 

in Ohio W 114, 259 ; B 32 ; A 18 iv b ; MR 1883-1916 

in Oklahoma B 32; MR 1883-1916 

in Oregon B 32; MR 1883-1916 

56122**— 18— W8P 427 8 
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Mineral waters in Pennsylvania W 114; B 32; MR 1883-1916; GF 92 

in Rhode Island W 114; B 32; MR 1886-1916 

in Rome (ancient) A 14 n b 

in South Carolina B 32; MR 1883-1916 

in South Dakota MR 1883-1916 

in Tennessee W 164; B 32; MR 1883-1916 

in Texas W 66 ; B 32; MR 1883^1916 

in Utah B 32; MR 1883-1916 

inVennont ! W 114; B 32; MR 1883-1916 

in Virginia B 32; MR 188^-1916; S 8 

in Washington B 32; MR 1883-1916 

in West Virginia W 114; B 32 ; MR 1883-1916 

in Wisconsin W 114; B 32; MR 188^-1916; GF 140; S 9 

in Wyoming P 53; B 32, 641 i; MR 188^-1916 

origin of A 14 n b 

Pliny on A 14 n b 

production of, in United States MR 1883-1916 

radioactivity in, bibliography of MR 1913 n h 

therapeutic value of MR 1913 ii h 

statistics of B 32; MR 1883-1916 

therapeutic properties of. W 195, 259, 338; A 14 u b; MR 1911 ii n, 1913 n h, 1916 

trade in, in the United States A 14 ii b; MR 1883-1916 

value of, in the United States A 14 u b; MR 1883-1916 

See also Springs. 
Minerals dissolved in ground water. See Analyses and Quality. 

Mines, water in W 160, 345 g; B 582; GF 112, 120, 129 

water in, fish destroyed by W 273 

metals corroded by W 273 

quality of W 273, 345 g, 364 ; B 330, 491, 529, 606, 616, 625; GF 191 

sulphuric acid in W 273, 345 g 

Minnekahta limestone, water in, in*South Dakota W 227; A 21 iv b; GF 107 

water in, in Wyoming GF 107 

Minneluaa sandstone, water in, in South Dakota W 227, 428; 

A 21 IV b; P 32, 65; GF 107, 127, 128, 164 

water in, in Wyoming A 21 iv b; P 32, 65; GF 107, 127, 128, 150 

Minnesota, areas, all of State W 102, 114 

areas, Gasselton-Fargo quadrangle GF 117 

Hennepin County B 298 

Minneapolis quadrangle GF 201 

northwestern M 25 

Otter TaU County r B 298 

Pine County B 298 

Red River valley A 11 ii c; M 25 

St. Paul quadrangle : . . . . GF 201 

southern W 256 

southwestern P 32 

artesian water in W 114, 256; A 11 ii c; M 25; GF 117, 201 

bibliography of ground water in W 57, 114, 120, 149, 163 

blowing wells in W 256, 258 

drainage wells in W 256 

freezing of wells in W 256 

irrigation with artesian water in A 11 ii c; M 25 

law relating to ground water in W 352 



Digitized by 



Google 



INDEX. 113 

Minnesota, mineral waters in B32;MK 1883-1916 

public water supplies in W 193, 256 

quality of ground water in W 102, 193, 266; B 32, 330, 491, 616; M 25; GF 201 

spring records for B 32 

well records for W 57, 149, 256; B 264, 298; M 25 

wells in, cost of A 11 n c 

Miocene formations. See under Tertiary and specific formations. 

Misaiasippi, areas, all of State W 102, 114, 159 

areafl, Hancock County B 264, 298 

Harrison County B 298 

Jackson County B 264, 298 

Jones County B 298 

Marshall County B298 

Newton County B 298 

Panola County B 298 

western edge ' P 46 

artesian water in W 159 

bibliography of ground water in W 114, 120, 163 

mineral waters in. B 32 ; MR 1883-1916 

quality of ground water in W 159, 364; B 32; P 46 

spring records for B 32 

well records for W 149; B 264, 298 

MiflRinflippian formations. See under Carboniferous and specific formatUms. 

Miflsouri, areas, all of State W 102, 114, 195 

areas, Camden County W 110 

Joplin district W 102, 145; GF 148 

Leavenworth quadrangle GF 206 

livingston W 102 

Meramec Spring W 99, 131, 173, 209 

Ozark region W 145 

Randolph Coimty B 264 

St. Louis quadrangle B 438 

Smithville quadrangle GF 206 

artesian water in W 195; B 438; GF 148 

bibliography of ground water in W 57, 120, 149, 163 

blowing wells in W 258 

law relating to ground water in ^ . . . W 152 

mineral waters in W 195; B 32; MR 188^1916 

public water supplies in W 195; GF 148 

quality of ground water in W 102, 

145, 195, 364; B 32, 330, 438,491, 606, 616; GF 206 

spring records for W 99, 131, 173, 209; B 32 

well records for W 57, 149; B 264, 298 

wells in, cost of W 195 

Missouri group, water in, in Iowa W 293 

water in, in Missouri W 195 

Molecular attraction in relation to ground water M 47 

Monmouth formation, water in, in Delaware GF 137 

water in, in Maryland GF 137, 182, 204 

in New Jersey W 106 

in Pennsylvania W 106 

Monroe formation, water in, in Michigan W 30, 115 
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Montana, areas, Aladdin quadrangle GF 128 

areas, Butte and vicinity WS45g: 

Flathead County B 298 

Flathead counby W400b 

Fort Benton quadrangle GF 55 

Great Falls region W221 

Little Belt Mountain quadrangle GF 56 

Little Bitterroot Valley W 400 b 

Musselshell County B 647 

Silver Bow basin W 345 g 

southeastern P32 

Three Forks quadrangle GF24 

Yellowstone County , B 647 

artesian water in W 149, 221, 345 g, 400 b; B 647; GF 55, 128 

bibliography of ground water in W 120, 163 

irrigation with artesian water in W 400 b 

irrigation with ground water in W 345 g, 400 b 

mineral waters in... B 32; MR 1883-1916; GF 24, 56 

public \vater supplies in W 345 g 

quality of groundwater in W 221, 345 g, 364, 400 b; B 32, 529, 606 

springsin W 130, 221, 326; B 32 

temperature of ground water in W 400 b; B 32; GF24, 56 

well records for W 67, 149; B 264, 298 

Montana group. See spedfic formations. 

Moore, R. B. , Radio activity of thermal waters of Yellowstone Natbnal Park. . B 395 

Morocco, ground water in, bibliography of W 163 

Morrison formation, water in, in Colorado P 52 

water in, in South Dakota GF 107 

in Wyoming GF 107 

Morrow formation, water in. in Arkansas W 145; GF 122 

water in, in Oklahoma GF 122 

**Mortar beds," water in, in Kansas W 273 

Mots for lifting water Wl 

Mounds produced by springs W 277, 320^ 423 

Mount Selman formation, water in, in Texas W 335,375 g 

Movements of air through porous media A 19 n b 

Movements of fluids through rigid media A 19 n b 

through wire gauze A 19 n b 

Movements of ground water, absence of B 529; S 8 

artesian B 606 

ascending M47 

barometric conditions in relation to A 19 n b 

bibliography of A 19 n c 

decomposition as measure of W 232 

deformation of rocks in relation to A 19 n b 

descending M 47 

diagrams showing W67,232,M47; B 606 

direction of W 67,114,140, 184,345 h; A 19 n b 

dynamic changes in relation to A 19 n b 

faults in relation to W 345 h 

fissures in relation to Wl60,232; A19nb 

fluorescein method of determining W 160 

friction of rocks in relation to A 19 n b; M 47 

in Arizona W 104, 136, 320, 375 b 
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Movements of ground water in belt of cementation M 47 

in belt of weathering M 47 

in California W 112, 140 

in capillary pores A 19 n b; M 47 

inCk>Iorado M 27 

in crystalline rocks W 160, 232 

in d6bri|9-filled valleys W 222, 277, 320, 345 h, 398, 400 e, 423 

in deep zones W 67,254; M 47; B 529 

in granite W 160, 232; GP 158 

in Indiana W254 

in Kansas W 153, 258 

in Nebraska W184 

in New Mexico W 141, 158, 275, 343; B 618 

in New York W 140; P 44 

in North Carolina S 5 

in shallow zones ' W254; B 529; 89 

in subcapiUary pores : M 47 

in super-capillary openings : M 47 

in Texas W 141 

in Virginia 8 8 

law of W 67 , 1 40 ; A 1 9 n c ; M 47 

measurements of W 110, 112, 140, 141, 153, 184, 258 ; P 44 

chlorine method W 67 

electrolytic method W 67, 110, 112, 140 ; P 44 

fluorescein method W 160 

mechanical analysis method W 104, 136 

molecular attraction in relation to M 47 

precipitation in relation to P 44 

pressure in relation to W ^7, 140; A 19 ii b; M 47 

prindplesof W 67,114,140,232; A 19 n c, 21 iv c; M47; B606 

pumping in relation to P 44 

quality in relation to W 320 

rate of W 67, 112, 140, 141, 153, 159, 184,258; A 16 n f, 19 n b; M 47; P 44; 8 8 

rock consolidation in relation to A 19 n b 

salines in Louisiana and Texas in relation to B 282 

seepage from reservoirs in relation to P 44 

settling of sediments in relation to A 19 n b 

size of grain in relation to W 67, 104, 136; A 19 n b 

temperature in relation to W 140; A 19 n b 

thermal A 19 n b 

topography in relation to W 67 

Municipcd water supplies. See Public water supplies. 

Murphy, E.C., The windmill W 41, 42 

Windmills for irrigation W 8 

Myrick formation, water in, in Texas W 375 g; GF 64 

N. 

Nacatoch formation, water in, in Arkansas '. W 114; P 46 

water in, in Loiiisiana W 114 

in Texas W335 

Nanafatia formation, water in, in Alabama 8 2 

Napoleon sandstone, water in, in Michigan W80, 114 

Nashua mail, water in, in Florida W 319 
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Natural gas in relation to ground water B 658 

Navarro formation, water in, in Texas W 276 

Nebraska, areas, all of State P 32 

areas, Camp Clark quadrangle GF 87 

Edgemont quadrangle , GP 108 

Elk Point quadrangle GF 156 

Goshen Hole quadrangle W 70 

Kearney and vicinity A 21 iv a 

Lincoln and vidnity P 32 

Lodgepole Valley W 425 b 

Missouri River valley W 215 

northeastern W 215 

Oelrichs quadnu^le GF 85 

Omaha and vicinity A 19 iv c; P l7, 32 

Patrick quadrangle W 70 

Platte River valley A 21 iv a 

Republican River valley W 216 

Scotts Bluff quadrangle GF 88 

South Platte Valley^ W 184 

southeastern W 12 

southern tier of counties W 216 

southwestern A 16 n f, 21 iv c, 22 iv c 

west of 103d meridian -. A 19 iv c; P 17 

artesian water in W 12, 29, 184,216,425 b; 

A 16 11 f, 19 IV c; P 17, 32; GF 85, 87, 88, 108, 156 

barometric wells in W 29 

bibliography of ground water in W 61, 120, 149, 163 

blowing wells in W 29, 215, 258; A16nf 

infiltration tunnels in W 184 

irrigation with ground water in W 5, 12, 184, 216, 425 b ; 

A 16 n e, 16 n f, 19 iv c, 21 iv c, 22 iv c; P 17 

law relating to ground water in W 122, 152 

mineral waters in B 32; MR 1905-1916 

public water supplies in W 184, 425 b 

pumping in, cost of W 184, 425 b 

windmills for W 29 

quality of ground water W 12 , 29, 184, 215, 216 ; P 32 ; GF 108 

seepage in B 140 

sheet water in W 29 ; A 16 n f 

spring records for W 39, 230 ; B 32l 

temperature of ground water in W 215; B 32 

underflow measurements in W 184 

well records for W 61, 149; B 131, 264,298 

wells in, construction of W 184, 215, ^ b 

cost of W29 

Nellist, J. F., Flowing wells and municipal water supplies in the southern 

portion of the southern peninsula of Michigan W 182 

Nevada, areas, Alkali Spring valley W 423 

areas, Big Smoky Valley *^..... W 375 d, 423 

Clayton Valley W423 

Columbus Marsh P 95 a; B 540 n 

Dixie salt marsh B 540 p 

Fourmile Flat B540p 

Humboldt River valley W425d 

Las Vegas and vicinity ! W 289, 365 
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Nevada, areas, Railroad Valley W 365; B 540 p 

Reeee River valley W 425 d 

Silver Peak Marah B 530 r 

south-central W 224, 423; B 308 

southeastern W 365 

southern W 224, 365; B 308 

artesian water in W 289, 365, 375 d, 423 

bibliography of ground water in W 120, 163 

fluctuations of water table in W 423 

irrigation with ground water in W 365, 375 d, 423 

law relating to ground water in W 122, 152 

mineral waters in B 32; MR 1883-1916 

public water supplies in W 224, 365, 423 

pumping in, cost of W 423 

quality of ground water in W 224, 

364, 365, 375 d, 423; *B 32, 529, B 530 r, 540 n, 540 p, 606 

saltwaterin W423; B530r, 540n 

springsin W 85, 133, 360, 365, 375 d, 389, 390, 423, B 32 

temperature of ground water in W 365, 423; B 32 

watering places in .- W 224, 365; B 308 

well records for W 61, 149, 224,365,423 

wells in, cost of W423 

Newark horizon, water in, in Arkansas W 146 

Newark sandstone, water in, in Connecticut W 110, 114, 232, 374 

water in, in New Jersey W106; GF 167, 191 

in New York ; .' W 114 

in Pennsylvania W 106, 114; GF 162, 167 

Newell, F. H., Proceedings of second conference of engineers of the Reclamation 

Service W 146 

Public lands and their water supply A 16 n e 

Report of division of hydrography for 1893 and 1894 B 131 

Rejwrt of division of hydrography for 1895 B 140 

Stream measurements, 1899 A 21 iv a 

Stream measurements, 1901 W 75 

Stream measurements, 1902 W 84 

Water supply for irrigation A 13 m a 

New Hampshire, areas, all of State W 102, 114 

areas, Portsmouth- York region W 145 

bibliography of ground water in W 114, 120, 163 

■ isochlorsin W144 

law relating to ground water in W 152 

mineral waters in B 32 ; M R 1883-1916 

quality of groimd water in , W 102; B 32 

spring records for W 102 ; B 32 

well records for .• W 61, 149; B 264, 298 

New Jersey, areas, all of State W 114 

areas, Atlantic County B 264 

Coastal Plain B 138 

Dover quadrangle GF 137 

Franklin Furnace quadrangle GF 161 

Hi^ands W 110 

Monmouth County B 264, 298 

Passaic quadrangl e G F 157 
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New Jeraey areafl, Philadelphia diatrict W106; GP 162 

Raritan quadrangle GF 191 

southern B 138 

Trenton quadrangle : GF 1 67 

artedan water in W106; B 138; GF 157, 162 

bibliography of ground water in W61, 114, 120, 149, 163 

law relating to ground water in W 122, 152 

mineral waters in W 114; B 32; MR 1883-1916 

public water supplies in W 106, 110, 374, 397; B 138; GF 162, 167 

quality of ground water in W 258; B 32, 138; GF 191 

spring records for B 32 

spring waters in, temperature of B 32 

well records for W 61, 149; B 264, 298 

New Mexico, areas, Albuquerque district W 188 

areas, Animas Valley W 422 

Belen district W 188 

central W 260, 276 

Deming and vicinity W345c; B 618; GP 207 

eastern A 21 iv c, 22 iv c 

Eddy County B 298 

Encino Valley W 275 

Estancia Valley W 260, 275 

Grant County W 422 

Hachita Valley W 422 

Jornada del Muerto W 123, 188 

La Mesa district W 188 

Luna County W345c; B 618; GF 207 

Mesilla district W 10, 140, 141, 188 

Mimbres Valley W345c; B 618; GF 207 

northwestern W380; B 435 

Pecos Valley W 158 

Playas Valley W422 

Pinos Wells Valley. W275 

Rio Grande valley W 10, 140, 141, 188 

Roswell artesian area W 158 

San Luis Valley W422 

San Simon Valley W425a 

Santa Fe district W 188 

Silver City quadrangle GF 199 

south-central W 141, 343 

southern W 141 

southwestern W 422, 425 a 

Torrance County W 260, 275; B 298 

Tularosa Basin W 343 

Vaughn and vicinity W 275, 343 

artesian water in W 123, 158, 188,343,380,422; GP 199 

bibliography of ground water in W61, 120, 149, 163 

infiltration ditches in W 343 

irrigation with ground water in W 5, 

10, 158, 188, 260, 275, 343, 345 c, 422, 425 a; B 618; A 16 n e, 21 iv c, 22 iv c 

law relating to ground water in W 152 

mineral waters in B 32 ; MR 1883-1916 

public water supplies in W 343 
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New Mexico, pumpiiig in, cost of W 10, 275, 346 c 

pumping tests in!. W 140, 141, 343, 345 c; B 618 

quality of ground water in W 123, 188, 260, 275, 343, 364, 422, 

425 a: B 32. 330. 491, 616, 618; GF 207 

quantity of ground water in W 141, 158, 188, 275, 343, 

345 c. 422; B 618; GP 207 

seepage in W 358 

spring records for B 32 

thermal springs in B 32; GP 199 

well records for W 61, 149; B 264, 298 

New Richmond sandstone, water in, in Iowa W 293 

water in, in Minnesota W 256 

See dUo Lower Magnesian limestene. 

New South Wales, bibliography of ground water in W 163 

quality of ground water in B 330, 491, 616 

NewBom, J. P., Santa Cruz folio, Cal GF 163 

New York, areas, all of State W 102, 114 

areas, Catatonk quadrangle r W 145; GF 169 

Coastal Plain B 138 

Erie County B 298 

Gaines quadrangle GP 92 

Ithaca WHO 

Long Island W 25,110,140,155,374,397; P 44; B 138; GP 83 

New York City W 25; GF 83 

Niagara quadrangle GF 190 

Passaic quadrangle GP 157 

Taconic quadrangle W 110 

Ticonderoga quadrangle W 110 

Tully and vicinity W 145 

Watkins Glen quadrangle WHO; GF 169 

artesian water in W 110, 145; P44; B 138; GP 1^9 

bibliography of ground water in W 61, 114, 120, 149, 163 

blowing wells in W 258; P 44 

fluctuations of water table in W 155; P44 

isochlors in W 144 

law relating to ground water in ., W 152 

mineral waters in W 114, 145; B 32; MR 1883-1916; GP 92, 169, 190 

pubUc water supplies in. . . . W 25, 110, 155, 374, 397; P 44; B 138; GP 83, 169, 190 

quality of ground water in W 102,108,110,364; P 44; B 32, 

330,491,616; MR 1916; GP 190 

ladioactive waters in MR 1913 ii h 

salt water in • B 530 b 

springrecordsfor....: W 102; B 32 

underflow on Long Island W 140, 155; P 44 

well records for W 61, 102, 149; B 264, 298; P44 

New Zealand, bibliography of ground water in W 163; B 330, 491, 616 

hot springs in A 9 d 

quality.of ground water in B 330, 491, 616 

Niagaralimestone, water in, in Illinois W 114; B 506; GP81,200 

water in, in Indiana W 113, 114, 254 

in Iowa W293; GF145,200 

in Michigan W 30, 114 

in Ohio W 114, 259; A19ivb 

in Wisconsin W 114; GP 145; S9 
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Nicaw^ua, bibliography of ground water in W 163 

Niobrara formation, water in, in Kansas W 273 

water in, in Nebraska W 216 

in South Dakota W 227; GF 100, 156 

Nitrates in ground water W 256, 338; B 47, 330, 491, 616; MR 1911 ii n 

Nitroglycerin, use of, in wells W 223 

Normal chlorine. See Chlorine and Isochlors. 

Normal carbonates in ground water W 254, 259, 273, 338, 341, 398; B 330, 

491, 616; MR 1911 u, 1916 

Norristown shale, water in, in New Jersey W 106 

water in, in Pennsylvania W 106 

North Carolina, areas, all of State W 114 

areas, Coastal Plain B138; S5 

Cowee quadrangle W 110 

Lenoir County B 298 

Moore County B 298 

Mount Mitchell quadrangle GF 124 

New Hanover County : B 298 

Norfolk quadrangle GF80 

Pisgah quadrangle WHO; GF 147 

Roan Mountain quadrangle GF 151 

Wilmington and vicinity W 160 

artesian water in B 138; GF80; S 5 

bibliography of ground water in W 61,114,120,149,163; S5 

law relating to ground water in W 152 

mineral waters in W 114; B 32; MR 1883-1916 

public water supplies in B 138; S 5 

quality of ground water in W 160, 258, 364; B 32,138, 

330,491,616; GF 80, 124; S 5 

spring records for : B 32 

' well records for W 61, 149; B 264, 298 

North Dakota, areas, all of State A 11 n c 

areas, Bismarck quadrangle GF 181 

Casselton-Fargo quadrangle GF 117 

eastern M 25 

Eckelson quadrangle GF 168 

Jamestown quadrangle GF 168 

Morton County : B 675 

Red River valley Allnc; M 25 

southeastern A 17 n g 

Standing Rock Indian Reservation B 575 

Tower quadrangle GF 168 

artesian water in A 11 ii c, 17 ii g; M 25; B 575; GF 117, 168 

bibliography of ground water in W 61, 120, 149, 163 

irrigation with artesian water in A 11 u c, 16 n e; M 25 

with ground water in A 11 n c, 16 n e; M 25 

mineral waters in B 32; MR 1883-1916 

quality of ground water in A 17 n g; B 32; GF 168; M 25 

spring records for , B 32 

well records for W 61, 149 

wells in, cost of A 11 u c 

Norton, W. H., Underground water resources of Iowa W 293 

Underground waters of Iowa W 114 

Water supplies at Waterloo, Iowa W 145 

Nussbaum formation, water in, in Colorado GF 136 
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O. 

Oakville sandstone, water in, in Texas W 375 1; 

Occlusion of sea water. Set Connate water. 

Odor of ground water W 338 

Ogalalla formation, water in, in Colorado P 32 

water in, in Kansas ,. P32 

inN^raska * W425b; A19prc; P17,32; GF87 

in Wyoming P 32 

0'Hana,C. C, Aladdin folio, Wyo.-S. Dak.-Mont GF 128 

Belle Fourche folio, S. Dak GF 164 

Devib Tower folk), Wyo GF 150 

Ohio, areas, all of State W 114; A 18 iv b, 19 iv b 

areas, Columbus quadrangle GF 197 

Hocking County B 298 

Kenova quadrangle GF 184 

Miami drainage basin W 91 

Maimiee drainage basin ^ W 91 

Muskingum drainage basin W 91 

Sandusky drainage basin W 91 

southwestern W 259 

Wayne County B 298 

artesian water in W 114, 269; A 18iv b,19iY b; GF 197 

bibliography of ground water in , W 61, 114, 120, 149, 163 

law relating to ground water in W152 

mineral waters in W 114, 259; A 18 iv b; B 32; MR 1883-1916 

public water supplies in W 91, 259; A 18 iv b, 19 iv b 

quality of ground water in W 114, 259; 

A 18 IV b, 19 IV b; B.32, 330, 491, 616; GF 184, 197 

salt water in Al8ivb; B530b; GF 184 

spring records for : B 32 

well records for W 61, 91, 149, 259; A 18 iv b, 19 iv b; B264,298 

Ohio shale, water in, in Kentucky W 233 

water in, in Ohio A 19 iv b 

Oil, ground water in relation to B 653, 658, 661 d 

quality of ground water in relation to B 653, 661 d 

Oil wells, pollution of ground wa|ar by W 113, 257 

water in B 282, 653, 658, 661 d 

Oklahoma, areas, Black Prairie A 21 vn 

s, central W 148 ; A 21 iv c, 22 iv c 

Cherokee Nation B 298 

Chickasaw Nation B 298 

Creek Nation B 298 

Cushing oil and gas field B 658 

Enid and vicinity W 345 b 

Foraker quadrangle B*641 b 

Grand Prairie A 21 vn 

Muscogee quadrangle GF 132 

north-central B 691 c 

Oklahoma City and vicinity W 345 d 

Osage County B641b 

Pawhuska quadrangle B 691 c 

Sulphur and vicinity W 209 

Tahlequah quadrangle GF 122 

western W 148; A 21 iv c, 22 iv c 

Winslow quadrangle GF 154 
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Oklahoma, arteeian water in W 148 

bibliography of ground water in W 120, 163 

irrigation with ground water in W 5, 148, 345 b, d; A 16 ii e, 21 nr c, 22 rv c 

law relating to ground water in W 122, 152 

mineral waters in B 32; MR 1883-1916 

pumping in, cost of W 345 b, d 

quality of ground water in ! W 148, 345 b,* d, 364; B 606 

salt water in W 148; GF 122 

spring records for W 99, 209, 247; B 32 

well records for W 57, 61, 149; B 264,298 

Oligocene formations. See under Tertiary; dUo tee spedfie fcmationi, 

Oneota limestone, water in, in Iowa W 293 

water in, in Minnesota W 266 

in Wisconsin S 9 

See also Lower Magnesian limestone. 

Onion Creek marl, water in, in Texas A 18 n b 

Onondaga limestone, water in, in Ohio W 114; A 19 iv b 

Opeche formation, water in, in South Dakota GF 107 

water in, in Wyoming GF 107 

Ordovician formations, water in, in Alabama W 114; GF 175 

water in, in Arkansas W 114, 145 

in Colorado .- P 32 

in Connecticut. W 374 

in Delaware W 106 

in Georgia W 114 

in Illinois W 114; A 17 ii h; M 38; B 438, 506; GF 81, 145, 185, 188, 200 

in Indiana * W 113, 114, 254; A 18 iv b 

in Iowa W 114, 145, 293; GF 145, 200 

in Kansas GF 148,206 

in Kentucky W 114, 233 

in Maine GF 158 

in Maryland '. GF 179 

in Michigan W 30, 1 14 

in Minnesota W 114, 256 

inMissouri W 114, 145, 195; B 438; GF 148 

in Nebraska P 32 

in New York W 114 

in North Carolina GF 151 

in Ohio W 114, 259; A 18 iv b, 19 nr b 

in Pennsylvania W 106, 1.10, 114; GF 162, 170, 179 

in South Dakota P32 

inTennessee W 114; GF 151 

in Virginia W 114 

in West Virginia WHO, 114; GF179 

' in Wisconsin W 114, 145; GF 140, 145; S 9 

in Wyoming P 32 

See also specific formations. 

Ore deposits, ground water in relation to W 160, 

273, 345 g; M 47; B 529, 582, 606; GF 112, 120, 129 
See also Water table. 
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Oregon, areas, Abert Lake baedn W 220 

areas, Alkali Lake basin W220 

Alvord basin W231 

Catlow basin W231 

central B 252 

Ghewaucan Marsh basin W 220 

Christmas Lake basin W 220 

Goose Lake basin W220 

Harney basin W231 

Malheur River basin W 231 

Nampa quadrangle GF 103 

Silver Lake basin W 220 

south central W220 

southeastern W 78, 231 

Summer Lake basin W 220 

Warner Valley W 220 

Whitehorse basin W 231 

artesian water iu W 78, 220, 231; B 252; GF 103 

bibliography of ground water in W 120, 163 

blowing wells in W 258 

irrigation with ground water in W 220, 231; A 16 n e; GF 103 

law relating to ground water in W 122, 152 

mineral waters la B32; MR 1883-1916 

quality of ground water in W 220; B 32 

spring records for W 214, 250, 251, 252, 271, 310, 360, 370, 390, 391, 394; B 32 

temperature of ground water in W220,231; B32,252 

well records for W 61, 149 

wells in, construction of .» W78, 220, 231 

costof W 220, 231 

Origin of ground water W9,67, 114, 142, 155,158, 

219, 222, 233, 254, 294, 343, 345 h, 375 a, b, d, 398, 399, 400 e, 423; 
B 319, 529, 618; A 14n b, 16n f, 17 ng, 22ivc; P44,90h; S7 

ancient writers on A 14 n b 

Descartes on A 14 n b 

erroneous ideas in regard to W 254, 278 

from deep fissures W 400 b 

from interior of earth B 319 

from lakes W400b 

from ocean B 319 

quality as indicator of P 90 h 

See also Absorption and Quantity. 

Origin of mineral springs : W 338; A 14 n b 

Orinda formation, water in, in California GF 193 

Orton, Edward, Rock waters of Ohio A 19 iv b 

Osage group, water in, iq Illinois B 438 

water in, in Iowa W 293 

in Missouri B 438 

Outwash deposits. See Glacial drift W 110 

Oxidation of ores, sulphates produced by W 273, 345 g 

Oxidation of rocks, ground-water levels in relation to v P94; B 529, 625 

Oxidation produced by ground water. . : M 47 
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P. 

Packers for weUs. See Well confltniction. 

Paecottahfl for lifting water W 1 

Pahasapa limestone, water in, in South Dakota W 227; P 32; GF 107, 128, 164 

water in, in Wyoming P 32; GF 107, 128, 150 

Paige, Sidney, Llano-Burnet folio, Tex GF 183 

Silver City folio, N. Mex GF 199 

Palache, Charles, Franklin Furnace folio, N.J GF 161 

Paleozoic formations. See specific forrnations and rock systems. 

Palmer, Chase, Deep well at Charleston, S. C P90h 

Geochemical interpretation of water analyses B 479 

Quality of the waters in the Blue Grass region, Ky W 233 

Paluxy sand, water in, in Texas A 21 vn 

Pamunkey formation, water in, in Atlantic Coastal Plain B 138 

water in, in Maryland B 138; GF 13, 23,204 

in Virginia W 114; B 138; GF 13,23; S8 

Panola formation, water in, in Kentucky W 233 

Paper manufacturing, quality of water for W 254, 341, 398 

Parker, H. N., Quality of some waters of the Coastal Plain of North Carolina. . S 4 

Quality of water in Kansas W 273 

Parkman sandstone, water in, in Wyoming P 51; GF 141, 142 

Parks, E. M., Lignite field of northwestern South Dakota B 627 

Parma sandstone, water in, in Michigan W 30, 114 

Pascagoula formation, water in, in Mississippi W 159 

Patapsco formation, water in, in Maryland GF 204 

Patuxent formation, water in, in Maryland GF 201 

water in, in North Carolina S « 

Payette formation, water in, in Idaho GF45 

Peale, A. C, Bibliography of mineral waters MR 1905 

Mineral springs of the United States B 32 

Natural mineral waters of the United States A 14 n b 

Production of mineral waters MR 1883-1900 

Three Forks folio, Mont GF 24 

Peay sand, water in, in Wyoming B 621 1, 656 

Peedee sand, water in, in North Carolina S 5 

Pendleton sandstone, water in, in Indiana W 254 

Pennsylvania, areas, Accident quadrangle GF 160 

, all of State W 114 

Amity quadrangle B 300; GF 144 

Bameeboro quadrangle WHO; B 531 d; GF 189 

central B 531 d 

Chambersburg quadrangle W 110; GF 170 

Curwensville quadrangle WHO; B 531 d 

Ebensburg quadrangle WHO; GF 133 

Elders Ridge quadrangle WHO; GF 123 

Gaines quadrangle GF92 

Grantsville quadrangle GF 160 

Hancock quadrangle W 145; GF 179 

Houtzdale quadrangle B 531 d 

Indiana quadrangle GF 102 

Johnstown and vicinity B 447 

Johnstown quadrangle GF 174 

Mercersburg quadrangle WHO; GF170 
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Pennaylvania, areaa, Patton quadrangle WHO; B531d; GF189 

Pawpaw quadrangle W 146; GF 179 

Philadelphia district W 106; B 138; GF 162 

PunxButawney quadrangle B 531 d 

Rogersville quadrangle GF 146 

Trenton quadrangle GF 167 

Warren County B 298 

Warren quadrangle GF 172 

Washington County B300 

Waynesburg quadrangle WHO; GF 121 

artesian water in W 106; B 138, 531 d; GF 102, 121, 133, 160, 179, 189 

bibliography of ground water in W 61, H4, 120, 149, 163 

law relating to ground water in W 152 

mineral waters in W 114; B 32; GF92; MR 1883-1916 

public water suppUes in... . W 106, 110; B 447; GF 121, 123, 162; GF 167, 170, 189 

quality of ground water in W 108, 110, 364; B32, 300,447; GF 144, 179 

spring records for B 32 

weU records for W61,149; B264,298 

Pennsylvanian formations. See under Carboniferous and spedJUformaticmB, 

Perched ground water W 164, 233, 258, 320, 336; P44,46; S8 

flowing wells from W320 

Percolation experiments A 19nb 

Percolation. See Movements of ground water. 

Perforation of casings WHO, 140,267 

Perkins, G. F., Underground waters of Vermont W 114 

Well and spring records for Vermont W 102 

Permeability of rocks W 67, 114 

Permian formations. See under Carboniferous and spedfic formations. 

Perry, T. 0., Experiments with windmills W20 

Persalinity of ground water W 338 

Persia, bibliography of ground water in W 163 

Persian wheels for lifting water W 1 

Peru, bibliography of ground water in W 163 

Petroleum. See Oil. 

Phalen, W. C, Ellijay folio, Ga.-N. C.-Tenn GP187 

Johnstown folio, Pa GF 174 

Kenova folio, Ky.-W. Va.-Ohio GF 184 

Mineral resources of Johnstown, Pa B 447 

Potash in bitterns of eastern United States B 530 b 

Philippine Islands, bibliography of groimd water in W 163 

quality of ground water in B 330, 491, 616 

Phosphates in ground water W 338; B 47, 330, 491, 616; MR 1911 ii n 

Photographs. See Illustrations. 

Photography, quality of water for W 30 

Phreatic water, definition of A 14 n a 

Physiological effects of water MR 1911 n 

Pierce, C. H., Water resources of Hawaii, 1909-1911 W 318 

Water resources of Hawaii, 1912 W 336 

Pierre shale, water in, in Kansas W 273 

water in, in Nebraska W 216 

in South Dakota W227; GF 113, 114, 165 

Piney sandstone, water in, in Wyoming P 51 

Pishel, M. A., Geology of the Standing Rock and Cheyenne River Indian 
reeervations, N. Dak.-S. Dak B 575 
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PUton pumps W 14 

" Pit flows " W 277 

Pitkin limestone, water in, in Arkansas W 145; GF 154 

water in, in Oklahoma GF 154 

Pittsburgh sandstone, water in, in Pennsylvania GF 123 

Plains marl, water in, in Colorado A 16 n f 

water in, in Kansas A 16 n f 

in Nebraska A 16 n f 

Plastic formations, water levels in relation to W 155 

Plants. See Transpiration and Vegetation. 
Plates. See Illustrations. 

Platteville limestone, water in, in Iowa W 293; GF 145 

water in, in Minnesota W 256 

water in, in Wisconsin GF 145 ; S 9 

See also Trenton limestone. 

Plattsburg limestone, water in, in Kansas GF 206 

water in, in Missouri GF 206 

Pleasanton shale, water in. in Missouri ^ W 195 

Pleistocene deposits. See Glacial drift. Quaternary deposits, and Valley fill. 

Pliny on mineral waters A 14 n b 

Pliocene formations. See under Tertiary and specific formations 

Plunger pumps W^ 14 

Plutonic waters. See Juvenile waters and Magmatic waters. 

Pocono formation, water in, in Pennsylvania B 300 

Point Pleasant formation, water in, in Ohio W 259 

Poison Canyon formation, water in, in Colorado GF 71 

Pollution of artesian water S3 

Pollution of cisterns W 255 

Pollution of ground water W 110, 145, 160, 255, 293; A 14 n a; S 9 

bacteria in relation to W 193, 256, 259, 335, 341, 398, 399; S 4, 11 

by drainage wells W 258 

by oil wells W 113 

by sea water W232 

by sewage W 232, 255, 293; S 4, 11 

by sink holes W 255, 258 

chlorine as an indicator of W 114, 144, 223, 232, 256, 398; S 4 

defective casings as cause of W 257, 259 

fluorescein as an indicator of W 160; S 11 

history of United States in relation to A 14 n a 

in Arkansas W 145 

in clay W255 

in Connecticut W232 

in Georgia : S 4, 11 

in granite W 255 

in Illinois S3 

in Indiana W 113 

in Iowa W293 

in joints W258 

in Kentucky W233 

in limestone W 255, 258; S 3 

in Maine W 223 

in Maasachusetts W 114 

in Michigan W 30, 31 
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Pollution of ground water in Minnesota W 193, 256 

in Mississippi W 159 

in Rhode Island W 114 

in sand W 255, 258 

in sandstone W 255 

in shale W255 

in slate W256 

in Texas W 335 

intiU W256 

in Virginia 8 8 

laws relating to W 122, 152 

tests for W 144, 160, 193, 255; S4,ll 

Pollution of springs *. W 265 

See also Purification of ground water. 

Pollution of water, definition of term W 315 

PoUution of wells W 110, 145, 160, 223, 232, 265, 267, 293; S 4, 11 

methods of preventing W 160, 255 

"Ponded" ground water 8 8 

Pool springs W 221,277, 365, 423 

Porosity, methods of determining W 400 e; A 19 n b 

of crystalline rocks W 160, 232 

of gravels -. W 104, 136, 140 

of rocks W 67, 114, 160; A19nb 

of sand W 67, 140, 294, 400 e; A19nb 

of soils W67; A 19 n b; 88 

of vaUey fill W 222, 294, 346 h, 398, 400 e 

of water-beaiing materials W 67, 104, 

114, 136, 140, 160, 232, 294, 400 e; A 17 ii f, 19 ii b; M 47; 8 2 

of wet material above the water table A 17 ii f , 19 n b 

practical W 104, 136 

Port Hudson formation, water in, in Arkansas P 46 

water in, in Louisiana P 46 

Porters Creek formation, water in, in Missoiui W 196 

Porto Rico, bibliography of ground water in W 120 

Potability of ground water, mineral content in relation to W 341, 343, 398, 399 

Potassium in ground water W 338, 343; B 630 b, r, 640 n, p; MR 1911 n n 

Potomac group, water in, in Atiantic Coastal Plain B 138 

water in, in Delaware B 138; GF 137 

in District of Columbia B 138; GP 70 

in Georgia W 341; 8 4 

in Maryland B 138; GF 13, 70, 137, 182, 204 

in North Carolina 8 5 

in Virginia W 114; B 138; GF13,70; 8 8 

Potsdam sandstone, water in W 67 

water in, in Illinois W 144; A 17 u h; M 38; GF 81,200 

in Iowa W293; GF 146, 200 

in Wisconsin W 114, 145; GF140,146; 89 

See also Cambrian sandstone, Dresbach sandstone, and Jordan sandstone. 

Pottsville formation, water in, in Illinois GF 186 

water in, in Pennsylvania B 300 

Powell, J. W., Artesian irrigation on Great Plains A 11 n c 

56122**— 18— wsp 427 9 
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128 PUBLICATIONS RELATING TO GROUND WATER. 

Power for pumping, horse W 1, 14 

hot-air engines W 1 

hydraulic ranis W 256, 258; S 8 

hydroelectric generators W 146, 375 a, 398 

internal-combustion engines W ,1, 146, 153, 320, 375 a, d, 398, 423, 425 d 

men W 1, 14 

producer-gas engines W 153 

steam engines W 1, 146 

water wheels , W 1, 14, 29 

windmills. See Windmills. 

Power from artesian wells W 67; A 17 ii g; GF 168 

Prairie du Chien group, water in, in Iowa , W 293 

See also Lower Magnesian limestone. 

Pre-Cambrian formations, water in, in Alabama W 114 

water in, in Arizona W 320 

in Connecticut W 114, 232, 374, 397 

in Delaware GF 162 

in District of Columbia , W 114; GF 152 

inGeorgia W114,160; S4 

' in Iowa W 114, 293 

in Maine W 114, 145, 223, 258; GF 149 

in Maryland W 114; GF 152, 204 

in Minnesota.... W 114,256; GF 117 

in Missouri W114,195 

in Montana W 345 g, 400 b 

in New Hampshire W 114, 145 

in New Jersey W 114; GF 157, 191 

in New Mexico W 343 

in New York W 110, 114; GF 157 

in North Carolina W 114; GF 124, 147, 151 

in North Dakota '. . GF 117 

in Pennsylvania W106,114; GF 162, 157 

in Rhode Island .• W 114 

in South Carolina W 114; GF 147 

in Tennessee GF 124, 151 

in Texas GF 183, 194 

in Vermont W 110 

in Virginia W 114 

in West Viipnia W 1 14 

in Wisconsin W 114 ; S 9 

See also Crystalline rocks and specific formations. 

Precipitation, absorption in relation to W 142, 153, 

155, 219, 294, 345 h, 400 e; P 44; S6 

artesian flows in relation to S 12 

fluctuations of water table in relation to W 142, 153, 

155, 219, 345 g, h, 375 a, d, 400 e, 423; A 19 n b; P 44 

movements of ground water in relation to P 44 

supplies of ground water in relation to W 137, 138, 

139, 142, 153, 155, 219, 345 h, 400 e, 423; P 44; S 6 

yield of springs in relation to W 277 

Pr^lacial valleys, water in W 145,293; A 19 iv b 

Pressey, H. A., NeW York City folio GF 83 

Pressure head. See Artesian water. 
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Pressure of ground water, dissolved gases in relation to M 47 

dissolved solids in relation to — M 47 

percolation in relation to A 19 n b 

Priinary alkalinity of water W 338; B479 

Primary salinity of water W 338; B 479 

Priming of water in boilers W 274 

Proflser, C. S., Columbus folio, Ohio GF 197 

Provinces of the United States in regard to ground water W 114 

Public water supplies, consumption of W 91, 196, 256, 315, 423; S 11 

cost of W 256, 423; S 11 

history of, in the United States '. W 315 

for large cities, ground water for W 315 

in Arkansas W399; P46 

in California W 59, 60, 116, 345 h; GF 193 

in Colorado W240; P32; GF198 

in Connecticut W 232, 374, 397 

in Delaware B 138 

in desert regions W 217, 224, 277, 365, 423 

in Florida W319 

in Georgia W 67, 102, 341; B 138; S 4, 11 

in Hawaii S 12 

in Illinois A 17 ii h; M 38; B 506; GF 195; S 3 

in Indiana W 254; A 18 iv b 

in Iowa W 293 

in Kansas W 273 ; P 32 ; GF 148 

in Kentucky W 233 

in Louisiana W 101; P 46 

in Maine W 114, 223; GF 149 

in Maryland B 138 

in Massachusetts W 374, 397 

in Michigan W 30, 160, 182, 183; GF 155 

in Minnesota W 193, 256 

in MiflBouri W 195; GF 148 

in Montana W 345 g 

in Nebraska W184,425b 

. in Nevada W 244, 365, 423, 425 d 

in New Jersey W 106, 110, 374, 397; B 138; GF 162, 167 

in New Mexico W 343, 422 

in New York W 25, 110, 155, 374, 397; B 138; P 44; GF 83, 169, 190 

in North Carolina.... B 138; S6 

in Ohio W 91, 259; A 18 iv b, 19 iv b 

in Pennsylvania W 106, 110; B 447; GF 121, 123, 162, 167, 170, 189 

in South Carolina B 138 

in Texas A 18 n b; GF 166;W 13, 190, 335, S43 

in Vermont W 102, 114 

in Virginia GF80; S8 

in Washington Will 

in Wisconsin GF 140; 8 9 

meters for W91 

ownership of W 91, 254; S 9 

purification of W 315 

relative merits of surface and ground waters for. . W 193, 223, 254, 256, 293; S 11 
Publications on groimd water. See Bibliographies. 
Pulliam formation, water in, in Texas GF 64 
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Pump rods, fftreflsee of W 14 

Pumping, cost of AlSmb 

cost of, in Arizona W 104, 136, 320, 375b 

in CaJifoniia W 116, 137, 138, 139, 219, 222, 375 a, 398 

in Colorado W9 

in Greorgia S 11 

inKansaa W 153, 258, 345 a 

in LoTiisiana W 101 

inNebraflka W 184, 425 b 

in Nevada W 375 d, 423 

in New Mexico W 10, 140, 141, 260, 275, 345 c 

in Oklahoma W345b, d 

in Texas W13, 140, 141 

in Utah W277 

in Washington W 425 e 

in Wyoming W 425 b 

prior to 1896 W 1 

size of plant in relation to W 375 a, 398 

fluctuations of water table in relation to W 142, 219, 345 h, 155; P 44 

for irrigation W 20, 146; A 13 nib 

in Arizona W 104, 136, 320, 375 b, 425 a 

in Arkansas W 399 

inCalifomia W 17, 45, 58, 59, 60, 89, 137, 138, 139, 142 

146, 181, 219, 222, 278, 345 h, 375 a, 398 

in Colorado W 9 

in Hawaii W318, 336; S 12 

in Idaho 1 GF103 

in Kansas W 8, 158, 258, 346 a, b 

in Louisiana W 101 

in Nebraska W 12, 184, 425 b 

in Nevada W 365, 375 d, 423 

in New Mexico W 10, 140, 141, 188, 260, 275, 343, 345 c; B 618 

in Oklahoma W345b, d 

in Oregon W 220, 231; GF 103 

in Texas : W 13, 140, 141 

in Utah , W 217, 277,333 

in Washington W 425 e 

in Wyoming W 425 b 

of rice W 101, 399 

movements of ground water in relation to P44 

porosity estimates based on W400e 

Pumping plants. See Pumps and other lifting devices. 

Pumping tests :. . . . W 140, 141, 153, 258, 320, 333, 345 c, 398, 425 b; B 618 

Pumps and other lifting devices, air lifts W 256, 343 

antiquated W 1 

bucket lifts W 14 

doons W 1 

efficiency of W 14, 146, 398 

hydraulic rams W 1, 254, 256, 258 ; S 8 

lathas Wl 

mechanical elevators W 1, 14 

mots Wl 

paecottahs W 1 
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Piimx)6 and other lifting devices, Pendan wheels W 1 

Seaman bucket lift , W14 

shadoofs ^ Wl 

siphon elevators W 1 

siphons W 254, 320, 374, 397 

Stoney water lift W 14 

swinging wheels W 1 

tilting troughs W 1 

tympana Wl,29 

unusual t3rpe8 of W 1,29; A 13 nib 

water wheels W 13, 29 

windlaBses W254 

zigzag balances W 1 

Pumps, centrifugal W 1, 184, 320, 375 a, 398 

dack valves in W 14 

cylinder W 14 

depreciation of W 398 

double-acting Wl4 

dynamometer diagrams of W 14 

fittings for W 184 

force Wl,14 

independent of well casings, advantages of W 256, 293 

Hft Wl 

piston W 14 

plunger W 1, 14 

reciprocating W 14, 41, 398 

rotary Wl 

suction of W 14, 398 

triplex W 14 

valves in W 14 

Purdue, A. H., Underground waters of northern Arkansas .' W 114 

Water resources near contact between Paleozoic and Mississippi embajrments, 

northern Arkansas W 145 

Water resources of the Winslow quadrangle. Ark W 145 

Well and spring records for Arkansas W 102 

Winslow folio, Ark.-Okla GF 154 

Purgatoire formation, water in, in Colorado GF 186 

Purification of ground water, natural W 255, 258 

Purification of water by cold-water softening W 254, 259, 293, 341, 398, 399 

by distillation W 254 

by feed-water heating W 254, 259, 293, 341, 398, 399 

by filters in cisterns A 14 na 

by Hme and soda-ash softening W 315 

by mechanical filtration W 254, 259 

by natural filtration W 255, 258 

by slow sand filtration W 254, 259, 315, 341, 398, 399 

by sterilization W 254, 315 

filtration tests for P 44 

history of, in the United States W 315 

methods of W 254, 259, 293, 315, 341, 398, 399; S 9 

Pynchon, W. H. C. , Drilled wells of the Tiiassic area of the CJonnecticut Valley . W 110 
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Q. 

Quality of ground water, artesian head in relation to B 319 

bacteriologic W 193, 254, 256, 259, 335, 341, 398, 399; S 4, 11 

changes in W 160, 258; B 330,491,616 

due to replacement of connate waters W 160 

due to weather W258 

chlorine as indicator of W 144, 232, 256, 259 ; S 4 

classification with regard to W 273, 274, 341, 398, 399 ; B 479, 606, 653 

concentration processes in relation to W 320, 343, 423; B 663 

dissociation theory of M 47 

forecasting W 398 

improvement of, in wells W 160 

in Alabama W102,114; B 32; GF 175; S 2 

in Alaska W 418 

in Antigua S 10 

in Arizona W 104,136,320,364,375 b, 425 a; B 32; GF 129 

in Arkansas W 102, 145, 364, 399; P 46; B 32, 606; GF 154 

in California W 58, 59, 116, 137, 138, 142, 224, 255, 278, 364, 398; 

B 32, 529, 540 n, 606, 653; GF 17, 39 

in Colorado W 9, 240, 364; 

A 17 n f; M 27; P 32, 52; B 32, 529, 606; MR 1916; GF 135, 153, 203 

in Connecticut W102, 110. 144, 232, 374, 397; B 32; P 44 

in Delaware ^ W 258 

in District of Columbia W 364; B 32, 138 

in England MR 1916 

in Florida W 102, 319, 364; B 32 

inGeoigia W102, 160, 341;B32, 138;S4, 11 

inGennany B 529, 606; MR 1916 

in Hawaii W 77 

in Idaho B32;GF45 

in Illinois W 164, 364; A 17 n h; B 32, 438, 506; GF 81, 188, 195, 200; S 3 

in Indiana W254; A 18ivb; B 32; GF84 

in Iowa W 293, 364; B 32; GF 145, 200 

in Kansas W 6, 145, 153, 273, 345 a; P 32; B 32, 238, 530 b, 606; GF 206 

in Kentucky W102, 164,233,364;B32,606,661d;GF184 

in Louisiana W 101; P 46; B 530 b 

in Maine W 102, 114, 144, 223, 258, 364; B 32; GF 149 

in Manitoba M 25 

in Maryland W 258; B 32, 138; GF 136, 204 

in Massachusetts W 102, 110, 114, 144; B 32 

in Mexico B 529 

in Michigan W 30, 31, 102, 145, 160, 182, 183, 364; 

B 32, 530 b, 606, 625; GF 155, 205 

inMinnesota W 102, 193, 256; M 25; B 32, 625; GF 201 

in Mississippi W 159, 364; P 46; B 32 

in Missouri W 102, 145, 195, 364; B 32, 438, 606; GF 206 

in Montana W 221, 345 g, 364, 400 b; B 32, 529, 606; GF 56 

inNebraska W 12, 184,215, 216, 425 b; P 32; GF 108 

in Nevada W 224, 364, 365, 375 d, 423, 425 d; 

, P95a; B32, 529, 530r, 540 n, p, 606 

in New Hampshire W 102, 144; B 32 

inNew Jersey W 258; B 32, 138; GF 191 

in New Mexico. . W 123, 158, 188, 260, 275, 343, 364, 422, 425 a; B 32, 618; GF 207 
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Quality of ground water, in New York W 102, 108, 110, 144, 145, 364; 

P 44; B 32, 530 b; MR 1916; GF 190 

in North Carolina. W 160, 258, 364; B 32, 138; GF 80, 124; S 5 

in North Dakota A 17 n g; M 25; B 32; GF 168 

in Ohio W 114, 259; A 18 iv b, 19 rv b; B 32, 530 b; GF 184, 197 

in Oklahoma W 148, 345 b, d, 364; B 606 

in Oregon W 220; 'B 32 

in Pennsylvania W 108, 110, 364; B 32, 300; GF 144 

in Rhode Idand W 102, 114, 144; B 32 

in South Carolina W 258, 364; P 90 h; B 32, 138 

in South Dakota W 227; 

A 17 II g, 21 IV b; P 32; B 32; GF 97, 99, 100, 107, 108, 113, 164, 165 

inTenneBBee W 164, 364; B 32, 529; GF 124 

in Texas W 66, 141, 190,276,317,335,343, 364; 

A 18nb, 21 vn; P46; B 32; GF 166, 194; S 1 

in Utah W 157, 199, 217, 277, 333, 364; B 32 

in Vermont W 102, 114, 144; B 32 

in Virginia W258, 364;B32;GF80; S8 

in Washington : Will, 425 e; B 32 

in West Indies S 10 

in West Virginia W145, 364;B32, 530b;GF179, 184 

inWiBConsin B 32; GF 140; S 9 

in Wyoming W364, 425 b; 

A 9 d, 21 IV b; P 32; B 32, 47, 285, 364, 471 a, 641 i, 656; GF 107, 173 

in Yellowstone National Park W 364 ; A 9 d ; B 32, 47 

r^arding acidity W 254, 259, 273, 274, 293, 341, 345 g, 398; 

B 47, 330, 479, 491, 606, 616; S 2, 9 

algae W 315, 338, 345 g; A 9 d 

alkalinity W 151, 338; P 90 h; B 47, 479, 606 

aluminum '. W 273, 338; MR 1911 ii n 

ammonium W 240, 256; MR 1911 ii n 

antimony B47 

araenic • W338;B47; MR 1911 nn 

barium W 254, 338, 399; B 47; MR 1911 nn 

bicarbonates W 254, 259, 273, 338, 341, 398; MR 1911 n n 

bisulphates MR 1911 nn 

black alkali W320 

in Cretaceous formations W 343 

in gypseous soil W 343 

borates W338; B47,330, 491, 616; MR 1911nn 

bromides W31, 233, 338, 398;B47;MR1911nn 

caesium B 47 

calcium W 254,259,273,338,341,398; MRl911nn 

carbon dioxide W273,338; GF206 

carbonates W 254, 259, 273, 338, 341, 398; 

B 330, 491, 616; MR 1911 ii n, 1916 

chlorides W 30, 58, 77, 114, 144, 223, 232, 254, 

256, 259, 273, 275, 320, 341, 343, 398; B 330, 491, 616; MR 1911 ii n, 1916 

coli bacillus W 256 

color W 240, 254, 259, 338, 341, 398 

copper : W 399 ; B 47 

crenothrix W 254, 259, 338 
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Quality of ground water, regarding fluorides B 47; MR 1911 n n 

gases in solution M47 

gold P94 

gypsum W 273, 317, 320, 343, 398; SI 

hardness W 151, 232, 254, 259, 273, 320, 338, 341, 343, 398, 399 

hydrogen sulphide W 254, 259, 338, 341, 398, 399; 

' B 282, 398, 447; MR 1911 ii n; GF 174; S 2 

hydroxides MR1911iin 

iodides W 233, 338; B 47; MR 1911 nn 

iron W 254, 256, 259, 273, 338, 341, 398, 399 ; 

MR 1911 II n, 1916; GF 206; S 2 

iron and fixed nitrogen W 256 

lead W 254, 399; B 47, 606 

lithium W 160, 259, 338; B47; MR1911iin 

magnesium W 254, 259, 273, 338, 341, 343, 398; MR 1911 n n 

manganese W 338; B 47; MR 1911 nn 

neutrality B 479, 606 

nitrates , W256,338; B 47,330,491,616; MR1911iin 

odor W 338 

oiiganic matter W 193, 254, 259, 341, 398 

permanent hardness W 338 

persalinity ' W 338 

phosphates W338; B 47, 330, 491, 616; MR 1911 n n 

potassium W 338, 343; B 530 b, r, 540 n, p; MR 1911 n n 

radioactivity W 338; B 395; MR 1913 n n 

rubidium B 47 

salinity W338;B 479, 606 

salt, in Alabama W 114; S2 

in Antigua S 10 

inArizona ....;.... W 104, 136, 320, 375 b; GF 129 

in California W58; B540n,663 

in Colorado B 631 c 

in D elaware W 258 

in Egypt W 136 

in Hawaii W 77 

in Indiana W 254; A 18 iv b 

in Kansas W 273; B 338, 530 b; GF 206 

in Kentucky B 661 d; GF 184 

in Louisiana B 282, 530 b 

in Maryland W 258 

in Massachusetts W 114 

inMichigan W30,31; B530b; GF 205 

in Minnesota M 25 

in Missouri.: GF206 

in Nebraska W 29 

inNevada W423; B 530 r, 540 n 

in New Jersey W258 

in New Mexico W 275, 343 

in New York B530b 

in North Carolina W258 

in North Dakota M25 

in Ohio W259; A18ivb; B530b; GF 184 

in Oklahoma W 148; GF 122 
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Quality of ground water regarding salt, in Pennsylvania B 300; GF 144 

in Rhode Island W 114 

in South Carolina W 268; P 90 h 

in Texas W 154, 317, 336, 364, 376 g; B 282; S 1 

in Viiginia W 258; S 8 

in West Virginia B 530 b ; GF 184 

in Wyoming W 364 

silica W 240, 273, 338; B 330, 491, 616 

silver P 94 

sodium W 254, 259, 273, 338, 341, 398; MR 1911 n n 

specific gravity B 47 

strontium W 338; B 47 

sulphates W 254, 259, 273, 275, 338, 341, 343, 346 g, 398; 

B 330, 491, 616, 653; MR 1911 n n, 1916 

sulphides W 338, 345 g; MR 1911 n n, 1916 

sulphites B 47 

sulphuraria W 338 

suspended matter W 254, 25S, 259, 341, 398; S 3 

temporary hardness. See Quality of ground water regarding hardness. 

thftlliiim B 47 

thiosulphites MR 1911 n n 

thorium B 396 

tin B47 

titanates B 47 

turbidity W 341, 398; S 3 

due to loess S3 

uranium *. B 395 

zinc W 254, 273, 399 ; B 606 

relation of, to carbonate deposits A9d 

to concentration MR 1911 ii H 

to deposits of hot springs A9d 

to depth W 256, 275, 320, 341, 343, 398, 399 

to diffusion M 47 

to geologic formations W 254, 256, 259, 273, 275, 293, 320, 335, 338, 341, 

343, 345 g, 376 d, g, 398, 399, 423; A 14 ii b; P 90 h; B 479; 653; S 9 

to gypsum beds W 276 

to health W 31, 164, 195, 233, 254, 259, 293, 335, 338, 341, 343, 398; 

A 14 n b; P 46; MR 1911 n, 1913 n h 

to occluded sea water W 398 

to pressure M 47 

to reactions with adjacent materials B 330, 491, 616, 663 

to silica deposits , A9d 

to sodium carbonate from igneous rocks W 320 

in Cretaceous formations W 266, 343 

to soil alkaU W 320, 343, 398, 423 

to sulphuraria W 338 

to temperature M 47 

to underground circulation W 320; M 47 

to vegetation W 343, 423 

to volcanism B 330, 491, 616 

to water table W 320, 343 

to well caaings W 293 
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Quality of ground water, sanitary W 144, 

193, 232, 254, 265, 256, 259, 335, 341, 398, 399; S 4, 11 

therapeutic W 31, 164, 195, 233, 254, 269, 293, 335, 338, 341, 398; 

A 14 n b; P 46; MR 1911 n n, 1913 n h 
See aUo Anal3rses, Analysis, Maps, Pollution, Purification, and Quality of water. 

Quality of mine watere W 273, 345 g, 364; P 94; B 330, 491, 529, 606, 616, 625 

in regard to acidity W 273, 345 g 

relation of, to corrosion W 273 

to destruction of fish W 273 

Quality of water for bleaching W 264, 398 

for boiler use. . . W 30, 233, 254, 256, 259, 274, 293, 320, 335, 341, 375 g, 398, 399; S 9 

forbrewing W 233, 254, 341, 398 

for coffee making W 399 

for cotton mills W 254,398 

for distilling W 233, 254, 398 

fordomestic use.. . . W 30, 254, 320, 335, 341, 343, 375 g, 398, 399; MR 1911 n n; S 9 

for drinking, relation of concentration to W 343, 398; MR 1911 n n 

for dyeing W 254, 341, 398 

for ice making W 233 

for industrial uses W 233, 254, 259, 274, 293, 341, 398 

forirrigation W 260, 274, 320, 333, 335, 343, 376 g, 398, 399 

for livestock W 335, 343 

for medicinal use W 31, 164, 195, 233, 254, 259, 293, 335, 338, 341, 398; 

A 14 II b; P 46; MR 1911 ii n, 1913 u h 

for paper making W 254,341, 398 

for photography W 30 

for soap making W 233 

for starch making W 341, 398 

for sugar making W 30, 341, 398 

for tanning ! W 254, 341, 398 

for tea making W 399 

for woolen mills W 398 

in coal beds W 273 ; B 447, 627 

relation of, to boiler compounds W 254, 293, 398, 399 

to corrosion of boilers W 254, 256, 259, 293, 398 

to foaming in boilers W 254,256,259,274,341,398,399; S 9 

to priming in boilers W 274 

to scale formed in boilers W 233, 254, 256, 259, 274, 293, 341, 398, 399; S 9 

to soap consumption W 266, 274 

to softening W 254, 274, 293, 315, 398 

See also Analyses, Analysis, Maps, Pollution, Purification, and Quality of ground 
water. 
Quantity of ground water, annual . . W 137, 138, 139, 142, 219, 222, 234, 275, 294, 345 g, h, 

375 a, d, 400 e, 423, 425 e; S 6, 7 

absorption method of determining W 156, 219, 294, 400 e, 423; S 6 

discharge method of determining W 294, 423 

fallacious theories in r^ard to W 278 

in Arizona W 104, 136 

in Arkansas W 375 b, 399 

in California W58, 

112, 137, 138, 139, 140, 142, 219, 222, 278, 345 h, 375 a, 398, 400 e; S 6, 7 

in Connecticut W 160, 232 

in Florida W 319 

in Great Plains W 6, 345 b; A 21 iv c, 22 rv' c 



Digitized by 



Google 



nn>BX. 187 

Quantity of ground water in Hawaii W 77 

in High Plains A 21 iv c, 22 iv c 

in Indiana W 254 

in Kansas W 6, 153, 258, 545 a 

in Kentucky W 233 

in Maine W 258 

in Michigan GF 205 

in Montana W345g 

in Nebraska W 184 

in Nevada. W 423 

in New Mexico W 158, 188, 275, 343. 346 d ; B 618 

in Oklahoma W 345 b, d 

in New York W 25 . 155 ; P 44 

in Oregon W 231 

in Texas W 141 

in Washington W 425 e 

laid down with sediments A 19 n b 

methods of measuring W 112, 136, 140, 142, 155, 294, 345 h, 400 e, 423 

total W 67, 114, 160, 234; M47 

used in the United States W 234 

water spreading in relation to 86 

water-table metiiod of determining : W 142, 345 h, 400 e 

See aUo Absorption, Movements, Origin, omd Quantity of water. 

Quantity of water, in alluvium W 104, 

112, 136, 140, 153, 184, 188, 258, 345 g, h, 374, 375 a, 397, 399, 400 e 

in crystalline rocks W 160, 232, 345 g; A 19 ii b 

in Dakota sandstone A 17 ii g; B 266; P 52 

in debris-filled basins W 142, 

219, 222, 275, 294, 343, 345 g, h, 375 a, 398, 400 e, 423; S 6, 7 

in earth's crust W 67, 114, 160, 234; M 47 

in gravel W 112, 136, 140, 153, 258, 375 a, 399, 400 e; P 44 

in sand W 25, 112, 114, 153, 255, 400 e; A 19 ii b 

in sandstone W 232; A 19 n b 

in slate W 258 

in soil W294; A 19nb 

in vaUey fiU W 104, 136, 137, 138, 139, 142, 219, 222, 

225, 275, 278, 294, 343, 345 g, h, 375 a, 398, 423, 425 a; B 618; S 6, 7 
See clUo Absorption, Movements, Origin, and Quantity of ground water. 

Quartzite, water in W 160, 232, 255, 266, 257, 293; GF 162 

Quaternary deposits, water in, in Arkansas W399 

water in, in Delaware GF 137 

in Florida W319 

in Georgia W341; 8 4 

in Kansas W6,273 

in Louisiana W 101, 114 

in Maryland GF 137, 152, 182, 204 

in MiflHiflHJppi W 159 

in Missouri W 195 

in Texas W 375 g; A 21 vii • 

in Washington W425e 

See also Glacial drift and VaUey fiU. 

Queensland, ground water in, bibliography of W 163 

Quicksand, sinking wells through W 30, 257, 375 d, 423 
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R. 

Racine limestone, water in, in Wisconsin GF 140 

Radioactivity of ground water, bibliography of MR 1913 n h 

in Arkansas MR 1913 n h 

inCaUfomia W338 

in Europe MR 1913 n h 

in New York MR 1913 nh 

in Yellowstone National Park B 395; MR 1913 n h 

measurement of B 395; MR 1913 n h 

relation of, to temperature B 395 

thermal, in Europe B 395 

in Yellowstone National Park B 395 

Rafter, G. W., Water resources of New York W 25 

Rainfall. See Precipitation. 

Rams, hydrauUc' W 1,254,256,258; S7 

Ransome, F. L., Bisbee folio, Ariz GF 112 

Globe folio, Ariz > GF 111 

Silverton folio, Colo GF 120 

Raritan formation, water in, in Atlantic Coastal Plain B 138 

water in , in Maryland GF 204 

in New Jersey W 106; GF 157, 162, 167 

in New York GF 157 

in Pennsylvania W 106; GF 167 

Raymond, R. W., The divining rod MR 1882 k 

Reaction coefficients in water analyses W 274 

Rechazge of ground water. See Absorption, Origin, and Quantity. 

Reciprocating pumps W 14, 41, 398 

Records of springs. See Springs. 
Records of wells. See Well records. 

Recovery pf grpund water. See Irrigation, Power for pumping, Public water 
supplies. Pumps, Pumps and other lifting devices, Well construction, and 
Wells. 

Red beds, springs in W 148 

water in, in Colorado A 21 iv c; P 52 

in Kansas W 6, 273 ; A 21 nr c 

in Nebraska ». , A 21 iv c 

in New Mexico Wl23;A21ivc 

in Oklahoma W 148; A21iv c 

in Texas W 154,191; A 21 nr c 

in Wyoming A21iv c 

See <iUo specific forniatioTis. 

Red clastic series, water in, in Minnesota W256; GF201 

Redbank formation, water in, in Atlantic Coastal Plain B 138 

Reeds, 0. A., Water resources of the East St. Louis district. 111 S3 

Renk, on flow of air through soils A 19 n b 

Reservoirs for well water W 1, 5, 20, 343 

ReservoiiB, underground, tyi)es of B 319 

See also specijic fornuUions and structures. 

Residual soils, water in GF 124 

Return waters. See Discharge of ground water. 
Rhabdomancie. See Water witching. 

Rhode Island, areas, all of State W 102, 114 

bibliography of ground water in W 114, 120, 163 

law relating to ground water in W 1 52 
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Rhode Island, mineral waters in B 32; Mlt 1885-1916 

normal chlorine in W 114, 144 

quality of ground water in W 102;B 32 

spring records for B 32 

well records for W61, 149;B 264, 298 

Rice, irrigation of, with ground water in Arkansas W 399 

irrigation of, with ground water in Louisiana W 101 

with ground water in Texas W 71 

Richards, R. W., Bull Mountain coal field, Mont B 646 

Richardson, G. B., Castle Rock folio, Colo GF 198 

El Ptoo folio, Texas GF 166 

Indiana folio. Pa 1 GF 102 

Reconnaissance in trans-Pecos Texas 81 

Underground water in Sanpete and central Sevier valleys, Utah W 199 

Underground water in the valleys of Utah Lake and Jordan River, Utah. . W 167 

Van Horn folio, Texas GF 194 

Richmond formation, water in, in Kentucky W 233 

water in, in Ohio W 259 

Ripley formation, water in, in Georgia W 341; S 4 

water in, in Illinois W 164 

in Kentucky W 164 

in Mississippi W 169 

in Tennessee W 164 

Rivers. See Streams. 

Rogers, G. S. , Chemical relations of oil-field waters in San Joaquin Valley, Cal. . B 663 

Roilinees of well water due to storms W 266 

Rome, ancient, minend water used in A 14 n b 

Roubidoux sandstone, water in, in Missouri W 196 

Rubidium in ground water B 47 

Ruasell, I. C, Ann Arbor folio, Mich GF 166 

Artesian basins in Idaho and Oregon W 78 

Geological reconnaissance in central Washington B 108 

Geology and water resources of central Oregon B 252 

Geology and water resources of Nez Perce County, Idaho W 63, 54 

Geology and water resources of the Snake River Plains of Idaho B 199 

Reconnaissance in southeastern Washington W 4 

Russia, bibliography of ground water in W 163 

S. 

Sabine formation, water in, in Arkansas W 114; P 46 

water in, in Louisiana W 114; P 46 ' 

in Texas W 276 

See also Wilcox formation. 

Sackett, R. L., Disposal of strawboard and oil-well wastes W 113 

Sahara desert, bibliography of ground water in W 163 

St. Clair black shale, water in, in Michigan W 30 

St. Lawrence formation, water in, in Iowa. . : W 293 

water in, in Minnesota W 256 

St. Louis limestone, water in, in Illinois W 114 

water in, in Indiana W 114 

in Iowa W 293 

in Missouri W195 
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St. Marys fonnatioii, water in, in North Carolina S 6 

water in, in Yiiginia S8 

See (iho Cheeapeake group. 

St. Peter sandstone, water in, in Illinois W114; 

A 17 II h; M 38; B 438, 606; GF 81, 188, 200 

water in, in Indiana W 114, 254 

in Iowa W293;GF145,200 

in Kansas GF 148, 206 

in Kentuck y W 233 

in Minnesota W256;GF201 

inMissouri W 196; B 438; GF 148, 206 

in Nebraska P 32 

in Ohio W 259 

in Wisconsin W 114,145; GF 140,145; S 9 

Salina formation, water in, in Iowa W 293 

water in, in Michigan W 30, 114 

Saline waters, definition of W 268 

Salinity of ground water W 338; B 479, 606 

primary, secondary, and tertiary W 338; B 479 

Salisbury, R. D., Franklin Furnace folio, N. J GF 161 

New York City folio. GF 83 

Passaic folio, N. J.-N. Y GF 167 

Philadelphia folio, Pa.-N.J.-Del GF 161 

Raritanfolio, N. J GF 191 

Trenton folio, N. J.-Pa GF 167 

Salton Sink, effect of, on artesian head W 225 

Saltsburg sandstone, water in, in Pennsylvania GF 102 

Salt water, in Alabama W 114 ; S 2 

in Antigua S 10 

in Arizona W 104, 236, 320, 375 b ; GF 129 

in California W58; B540n 

in Colorado B 631 c 

in Delaware W 258 

in Egypt W 136 

in Hawaii W 77 

in Indiana W 264; A 18 iv b 

in Kansas W 273; B 238, 630 b; GF 206 

in Kentucky B 661 d ; GF 184 

in Louisiana B 282, 630 b 

in Maryland W 258 

in Massachusetts W 114 

in Michigan W30,31; B530b; GF 205 

in Minnesota M 25 

in Nebraska W 29 

in Nevada " .. W423; B630r,540n 

in New Jersey W 258 

in New Mexico W 276, 343 

in New York B630b 

in North Carolina W 258 

in North Dakota M 25 

in Ohio W 269; A 18 iv b; B 630 b; GF 184 

in Oklahoma W 148 ; GF 122 

in Pennsylvania B 300; GF 144 
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Salt water, in Rhode Island W 114 

in South Carolina W 258; P 90 h 

in Texas W 154, 317, 335, 364, 376 g; B 282; S 1 

in Virginia W 268; 8 8 

in West Virginia B 630 b; GF 184 

in Wyoming W 364 

phyedologic functions of W 144; MR 1911 n n 

relation of, to ^'domes'' W 335 

Samples of water, methods of collecting B 47 

methods of collecting, for normal chlorine determination W 144 

Samples of well drillings, fossils in W 293; P 90 h 

methods of collecting W 293; P90h; B 264, 298; S 9 

methodsof examining W 293; P 90 h 

Sand, absorption of water by W 258 

confining beds for artesian water produced by: B 319; P 44 

drainage into wells in W 258 

drilling through W 30, 257, 376 d, 423 

dry, at great depths B 663, 661 d 

finishing wells in W 256, 293, 343 

flow of water in, experiments with W 140; A 19 ii b 

iwrosity of W 140; A 19 ii b 

water in W 25, 

114, 140, 223, 233, 255, 257, 258, 319; A 19 ii b; P 44; B 319; GF 105 

pollution of W 266, 258 

Sandhills, water in W 146,273 

Sand plain, water in W 146, 266 

Sand points in wells W 145, 266, 257 

Sandstone, drainage into wells in W 258 

movement of water through A 19 n b 

water in. . . W 26, 110, 114, 148, 232, 233, 264, 255, 257, 374; A 5 c, 19 ii b; GF 170 

Sanford, Samuel, Geology and ground waters of Florida W 219 

PwJduction of mineral waters MR 1906-1909 

Records of deep wells, 1905 B 298 

Saline artesian waters of Atlantic Coastal Plain W 258 

Undergroimd water resources of the Coastal Plain of Virginia 88 

Sanitary inspection of water supplies W 198, 266 

Sanitation. See Analyses, PoUution, Purification, and Quality. 

Sardeeon, F. W., Miimeapolis-St. Paul folio, Miim GF 201 

Savage, T. E., Murphysboro-Herrin folio, 111 GF 185 

TallularSpringfield f oUo, 111 GF 188 

Scale formed in boilers by water W 233, 

254, 256, 269, 274, 293, 341, 398, 399; 8 9 

Schist, water in W 114, 160, 223, 232, 265, 257 ; GF 147 

Schistose planes, water in W114; GF147 

Schistofidty in relation to ground water W 232 

Schlundt, Herman, Radio activity of thermal waters of Yellowstone National 

Park B 396 

Schiader, F. C, Independence folio, Kans GF 159 

Mineral deposits of Santa Rita and Patagonia mountains, Ariz B 676 

Schultz, A. R., Geology and geography of Lincoln County, Wyo B 543 

Underground waters of the Wisconsin district W 114 

Water supplies of Wisconsin , — , 8 9 
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Schwennesen, A. T., Ground Water for irrigation near Enid, Okla W 945 b 

Ground water for irrigation near Oklahoma City, Okla W 345 d 

Ground water in Animas, Playaa, Hachita, and San Luis basins, N. Mex. . W 422 

Ground water in Quincy Valley, Wash W 425 e 

Ground water in San Simon Valley, Ariz.-N. Mex W 425 a 

Pumping tests in Luna County, N. Mex W 345 c; B 618 

Screens in wells. See Well screens. 

Sea water, confining beds for artesian water produced by B 319 

effect of, on ground water near coast W 77, 144, 223, 346 h 

incursion of W 77, 144, 223, 345 h 

Sea water in rocks. See Connate water. 

Seaman bucket lift W 14 

Secondary alkalinity of ground water W 338; P90h; B 479, 606 

Secondary salinity of ground water. See under Quality, Salinity, and Salt. 
Sections of wells. See Well records. 

Sediment in ground water W 258 

Sedgwick, T. F., Report of Water Conmiission of Hawaii S 12 

Seed-bag packers for wells W 54, 118; A 5 c 

Seelheim, on flow of water through soils A 19 n b 

Seepage from reservoirs, movements of ground water in relation to P 44 

in California W 18, 58, 294 

in Colorado W 9, 50, 358 

in Nebraska B 140 

in Nevada W 423 

in New Mexico W 358 

in Utah W 7, 157, 217 

into driven wells A 19 n b 

See also Discharge and Movements. 
Seepage ditches. See Infiltration ditches and tunnels. , 

Sellersburg limestone, water in, in Indiana W 254 

Selma chalk, water in, in Alabama '. S 2 

Serpentine, water in OF 157 

Settlement, fluctuation of water table in relation to W 155 

Seymour formation, water in, in Texas W 317 

Shadoofs for lifting water W 1 

Shakopee dolomite, water in, in Minnesota W 256 

Shale, drainage into wells in W 258 

imperviousness of W 6 

water in W 110, 232, 233, 254, 257, 259, 425 b 

Sharon conglomerate, water in, in Ohio .* A 19 iv b 

Shattuck, G. B., Patuxent folio, Md.-D. C ^ GF 152 

St. Marys folio, Md.-Va GF 136 

Shaw, E. W., Belleville-Breese folio. 111 GF 195 

Galena-Elizabeth folio, lU.-Iowa GF 200 

Irvine oil field, Estill County, Ky B 661 d 

Murphysboro-Herrin folio. 111 GF 185 

Tallula-Springfield foUo, lU GF 188 

"Sheet water" W 29, 154; Al6nf 

Shell marl, water in W 319 

Shenandoah limestone, water in, in Pennsylvania GF 162 

Shepard, E. M., Springs of Decaturville dome. Mo W 110 

Underground waters of Missouri W 114, 195 

Well and spring records for Missouri W 102 

Sherzer, W. H., Detroit folio. Mich GF 205 

Shooting of wells W 223, 255, 257 
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Siebenthal, C. E., Geology of the Laramie Basin, Wyo B 364 

Geology and water resourcee of the San Luis Valley, Colo W 240 

Joplin district folio, Mo.-Kans GF 148 

Laramie-Sherman folio, Wyo GF 173 

Origin of the zinc and lead deposits of the Joplin region B 606 

Signs of ground water W224,423; B 308 

SiUca in ground water Wn240, 273, 338; B 330, 491, 616 

SiUs, relation of, to springs W 4d0 b 

Silurian formations, water in, in Alabama W 114; GF 175 

water in, in Arkansas W 114 

in Georgia W 114; 8 4 

inlUinois W 114; A17nh; M 38; B 506 

in Indiana W 113, 114, 254; A 18 iv b 

in Iowa W 114, 145, 293 

in Kentucky W 114, 233 

in Maine GF149 

inMaryland WHO; GF 179 

inMichigan • W 30, 31, 114, 182-183; GP205 

in Minnesota W 114, 266 

in Missouri W 114, 145, 195 

in New York W 114 

in Ohio W91,114,269; A 18 iv b, 19 iv n; GF197 

in Pennsylvania W110,114; GF179 

in Tennessee W 114 

in Virginia W 114 

in West Virginia i W 114; GF179 

in Wisconsin W 114; GF 140; 89 

See also spedficfortmiions. 

Silver in ground water P94; B 529, 625 

Simpson, H. E., Underground water resources of Iowa W 293 

Singing wells W 29 

Sink holes, absorption of water by W319; A16nf; 8 4 

in gypseous deposits W 343; A 21 iv c 

natural wells produced by A21 rv c 

pollution by W 233, 255, 258; S 3 

Sinking of wells. See Well construction. 

Sioux quartzite, water in, in Iowa W 293 

water in, in Minnesota W 256 

Siphon action in drainage wells W 145, 258 

Siphon elevators for lifting water W 1 

Siphons in wells W 254, 320, 374, 397 

Sizing tests for water-bearing materials P 44 

Slate, drainage into wells in W 258 

water in W 223, 255, 258 

Slichter, C. S., Approximate method of measuring flow of wells W 110 

California or "stovepipe" method of well construction W 110 

Description of underflow meter W 110 

Ground waters of Rio Grande Valley, Tex.-N. Mex W 141 

Measurements of underflow W 140 

The motions of underground waters W 67 

The underflow in Arkansas Valley in western Kansas W 153 

The underflow of the South Platte Valley W 184 

Theoretical investigation of the motion of ground waters A 19 n c 

Undei^ound water resources of Long Island, N. Y P44 

66122<»— 18— WBP 427 10 
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Smith, A. G., Report of water conmusaion of Hawaii S 12 

Smith, E. A., Underground water resources of Alabama S 2 

Underground water in Alabama . » W 114 

Well and spring records for Alabama W 102 

Smith, G. 0., EUensbuig folio, Wash GF 86 

Geology and water resources of a portion of Yakima County, Wash W 65 

Mount Stuart folio, Wash GF 106 

Penobscot Bay folio, Maine GF 149 

Water from glacial gravels near Augusta, Maine W 145 

Water resources of the Portsmouth- York region, N. H. -Maine W 145 

Smith, W. S. T., Edgemont foUo, S. Dak.-Nebr GF 108 

Joplin district folio, Mo.-Kan GF 148 

Water resources of the Joplin district, Mo.-Kan W 145 

Well and spring records for Joplin and vicinity, Mo W 102 

Soap consumption by water W 256, 274 

methods of calculating W 274 

Soap making, quality of water in relation to W 233 

Sodium in ground water. . . . W 236, 254, 259, 273, 338, 341, 398; B 47; MR 1911 n n 

Softening of water W 254, 274, 293, 315, 398 

Softeners required for water, methods of calculating W 274 

Solids in ground water. See Analyses, Analysis, and Quality. 

Solution caverns, water in W 114; B 319 

Solutions comprising ground water, theories and laws relating to B 606; M 47 

Solutions for water analysis W 236 

Source of ground water. See Absorption of water and Origin of ground water. 

South Australia, bibliography of ground water in W 163 

South Carolina, areas, Aiken County B 298 

areas, all of State , . W 114 

Barnwell County B 298 

Charleston B 298; P 90 h 

Coastal PI ain B 138 

Hampton County B 298 

Lee County B 298 

Orangeburg County B 298 

Pisgah quadrangle GF 147 

artesian water in B 138; P 90 h 

bibliography of ground water in W 61, 114, 120, 149, 163 

blowing wells in W 258 

mineral waters in B 32; MR 1883-1916 

quality of ground water in W 258, 364; B 32, 138; P 90 h 

spring records for B 32 

well records for W 61, 149; B 298 

South Dakota, areas, Aberdeen quadrangle GF 165 

s, Aladdin quadrangle GF 128 

Alexander quadrangle GF 100 

all of State W 227; P 32 

Armstrong County B 575 

Beadle County B 298 

Belle Fourche quadrangle GF 164 

Black Hills region W 428; A 21 iv b; P 65 

Byron quadrangle GF 165 

Cheyenne River Indian Reservation * B 575 

Corson County B 575 

De Smet quadrangle GF 114 
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South Dakota, areas, Dewey County B 676 

eastern A 17 n g, 18 iv c 

Edgemont quadrangle GP 108 

Elk Point quadrangle GP156 

Huron quadrangle GF 113 

James River valley W 90 

Miner County B 298 

Mitchell quadrangle GF 99 

Newcastle quadrangle GF 107 

Northville quadrangle GF 165 

northwestern B 627 

Oelrichs quadrangle GF 85 

Olivet quadrangle GF96 

Parker quadrangle G F 97 

Redfield quadrangle GF 165 

southeastern W 34, 9^, 215 

southwestern A 21 iv b 

Standing Rock Indian Reservation B 576 

Sundance quadrangle GF 127 

Sfiebach County B 576 

artesian springs in W 90 

artesian water in W 34, 90, 227, 428; B 575; A21ivb; 

P 32, 65; GF 85, 96, 97, 99, 100, 107, 108, 113, 114, 128, 156, 164, 165 

bibliography of ground water in W 61, 120, 149, 163 

irrigation with ground water in A16ne, 17 ng, 18ivc 

law relating to ground water in W 122; S 3 

mineral waters in B 32 ; MR 1883-1916 

quality of ground water in B 32; 

A 17 II g, 21 IV b; P 32; GF 97, 99, 100, 107, 108, 113, 164, 165 

spring records for B 32 

well construction in W 34, 227; GF 96 

well records for W 61, 149; B 264, 298 

Spain, bibliography of ground water in W 163 

Spearfish formation, water in. in South Dakota GF 107 

water in, in Wyoming GF 107 

Specific capacity of wells W 140, 141, 153, 400 b, 425 b; A 19 n b; P 44; S 11 

principles of W 140; A 19 n b 

tests of W 140 

Specific gravity of ground water B 47, 319 

Spencer, A. C, Franklin Furnace folio, N.J GF 161 

Spergen limestone, water in, in Missouri W 196 

Spreading of flood waters in California S 6 

Springs, acid S 2 

algae at W 338; A 9 d 

alluviinn and bedrock contacts causing W 380 

artesian W 255, 278, 338; A21ivc; S8 

barriers causing. W320, 343, 423 

blowing S 4 

carbonated W 338 

changes in character of water from B 330, 491, 616 

classification of W 114, 223, 255, 338, 365; A14iib 

coal beds causing B 447, 627 

depositsof W338; A9d; P53; B330,491,616 
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Springs, depths of pools at W 277, 423 

faults in relation to W 142, 199, 232, 277, 338, 365, 380, 423; 

A14nb, 18nb; GF199 

fissure W 114, 266; A 18 n b; B199;S9 

fluctuations in discharge of W 277 

fountain, artificial W 145 

geyser W 114, 365 

artificial W 145 

gravity W 255 

impervious floors causing W 67, 380 

improvement of W 265, 380; B 252; S 8 

in Alabama W98; A14nb; B 32; MR 1883-1916; GF176; S2 

in Alaska W 314, 418 ; B 32 ; MR 1883 , 1884 

in Arizona W 320, 380; A 14 n b; B 32; MR 1883-1916; GF 111,129 

in Arkansas W 102, 114, 146, 364; 

A 14 n b; P 46; B 32; MR 1883-1916; GF 122, 154 

in CaUfomia W 39, 142, 181, 219, 224, 251, 278, 300, 338, 364; 

A 14 n b; B 32, 308; MR 1883-1916; GF 39, 66, 101 

in Colorado W 240, 364; 

A 14 n b, 16 n f, 17 n f ; B 32, 350; MR 1883-1916; GF 136, 153, 203 

in Connecticut W 102, 114, 232, 374, 397; A 14 n b; B 32; MR 1883-1916 

in Delaware B 32; MR 1883-1916 

in District of Columbia W 114; B 32; MR 189^1914 

in Florida W 102, 114, 319 ; A 14 n b ; B 32 ; MR 1883-1916 

in France A 14iib 

in Georgia W 36, 102, 114, 127, 145, 168, 197, 341; 

A 14 II b; B 32; MR 1883-1916; GF 187; S 4 

in Hawaii W 77, 318, 336, 373, 430, 445 

in High Plains A 21 vi c 

in Idaho W 54, 78, 86, 135, 393; 

A 14 n b; B 32, 199; MR 1883-1916; GF 45, 103, 104 

in Illinois W 114, 364; 

A 14 n b; B 32, 438; MR 1883-1916; GF 105, 200; S 3 

in Indiana W 114, 264; A 14 n b, 18 iv b; B 32; MR 1883-1916; GF 105 

in Iowa W 146, 293; A 14 n b; B 32; MR 1883-1916; GF 146, 156, 200 

in Kansas W 6, 145; 

A 14 II b, 16 II f, 21 IV c; B 32, 238; MR 1883-1916; GF 148, 159, 206 

in Kentucky A 14 n b ; B 32, 661 d 

in Louisiana W 114; A 14 lib; P 46; B 32; MR 1883-1916 

in Maine.. W 102, 114, 223, 258, 364; A 14 nb;B 32; MR 1883-1916; GF 149, 158, 192 

in Maryland W 114; A 14 ii b; B 32; MR 1883-1916; GF 152, 160, 179, 204 

in Massachusetts W 102, 114, 146; A 14 ii b; B 32; MR 1883-1916 

in Michigan W 102, 114, 170, 182, 183; B 32; MR 1883-1916; GF 205 

in Minnesota W 102, 114, 256; B 32; MR 1883-1916; GF 117, 201 

in Mississippi W 114; B 32; MR 1883-1916 

in Missouri W 99, 102, 110, 114, 131, 145, 173, 195, 209, 364; 

B 32, 438; MR 1883-1916; GF 148, 206 

in Montana W 130, 221, 326, 400 b; B 32, 646; MR 1883-1916; GF 24, 56 

in Nebraska W 12, 39, 70, 184, 230; 

A 16 u f, 19 IV c; P 17; B 32; MR 1905-1916; GF 108, 156 

in Nevada W 85, 133, 224, 360, 364, 366, 375 d, 389, 390, 423; 

B 32, 308; MR 1883-1916 
in New Hampshire W 102, 114; B 32; MR 188^-1916 
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SpringBin New Jersey W 110, 114; B 32; MB 1883-1916; GP 161, 167, 191 

in New Mexico W 158, 188, 343, 364, 380; B 32, 618; MR 1883-1916; GF 199 

in New York W 102, 114, 146, 364; P 44; B 32; MR 1883-1916; GF 169 

in New Zealand A 9d 

in North Carolina W 114, 364; B 32; MR 1883-1916; GF 124, 147, 151 

in North Dakota B 32, 575; MR 1883-1916; GF 117 

in Ohio W91, 114; A 14nb, 18ivb;B82;MR1883-1916;GF197 

in Oklahoma W 99, 148, 209, 247, 364; B 32; MR 1883-1916; GF 122, 132 

in Oregon W 78, 214, 220, 231, 260, 251, 262, 271, 310, 360, 370, 390, 391, 394; 

A 14 n b; B 32, 262; MR 1883-1916; GF 103 

in Pennsylvania W 106 , 114 ; A 14 n b ; B 32, 300, 447 ; MR 1883-1916 ; 

GF 121, 123, 133, 160, 167, 170, 172, 174, 179, 189 

in Rhode Island W102; A14nb; B32 

in South Carolina W 114; A 14 n b; B 32; MR 1883-1916; GF 147 

in South Dakota W 34, 90; A 14 n b, 21 iv b; B 32, 675, 527; 

MR 1883-1916; GF 99, 100, 108, 113, 114, 156 

in Tennessee W 114, 164,364; A 14 u b; B 32; MR 1883-1916; GF 124, 151 

in Texas W 28,37,66,71,84,105,132,154,174,191,288,317,335; 

A 14 n b, 18 n b; B 32, 131, 140; MR 1883-1916; GF 42, 64, 183; S 1 
in Utah. . W 133, 157, 199, 212, 217, 277, 359, 360, 364, 389, 390; B 32; MR 1883-1916 

in Vermont W 102, 114 ; A 14 ii b ; B 32 ; MR 1883-1916 

in Virginia W 114, 364; A 14 n b; B 32; MR 1883-1916; S 8 

inWaahington Will, 118, 294, 316, 332, 362, 425 e; A 14 iib; 

B 3?; M R 1883-1916; GF 86, 106 

in West Virginia W 114, 145; B 32; A Hub; MR 1883-1916; GF 160, 179 

in Wisconsin W 114, 145; A 14 n b; B 32; MR 1883-1916; GF 140, 145; S 9 

in Wyoming W70, 364; A9d, 14nb;P63;B32,47,364,641 i, 656; 

MR 1883-1916; GF 173 

in Yellowstone National Park W 364; A 9 d, 14 n b; B 47,395 

intermittent W232 

iron W338 

irrigation water from W 277, 365 ; GF 104 

joints in relation to W 221, 232 

joints in sandstone causLng W 221 

knolls produced by W 277, 320, 343, 365, 423 

large.. W 27, 28, 36, 37, 85, 98, 99, 127, 130, 131, 145, 158, 168, 173,177, 209, 

214, 221, 251, 271, 277, 288, 298, 300, 319, 326, 332, 338, 360, 

362, 365, 370, 391, 394; A 14 n b, 18 n b; B 131, 140, 641 i 

magnesic W338 

mineralization of water from W 418 

mounds produced by W 277, 320, 343, 365,423 

ocherous deposits of B 330, 491, 616 

origin of W338; A14nb 

perched W 233; S 8 

periodic W365 

pollution of W 255 ; S 8 

laws relating to W 122, 152 

pool W 221, 277, 365, 423 

radioactivity of B 395; MR 1913 n h 

salt W 148,154,338,343; M 26; GF 122,129 

seepage W255 

siliceous deposits of W338;A9d; B330, 491,616 

sUls in relation to W400b 
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Springs, streams in relation to A 14 n a 

submarine - W 319 

sulphur W 148, 217, 338; B 641 i;GF 101, 154 

symbols for, on maps W 160 

tar S2 

therapeutic value ol waters from A 14 n b; MR 1911 n n, 1916 

thermal, artesian wells in relation to W 400 b 

, 'boiling points at various eLevations in relation to W 338 

definition of A 14 n b 

' distribution of W 145; A 14 n b 

duration of *. W 145 

faults in relation to W 277, 338, 366, 380; A 14 n b 

in Alaska W418 

inArizona B582; GF 129 

in California W 142,181,338,364; B 308; GP 39,101 

in Colorado W 364; GF 153 

in Idaho W78;B 199;GF45, 104 

in Montana W 364,400 b; GF 24,56 

inNevada W364,365,423; B 308 

in New Mexico W 364; GF 199 

in New Zealand A9d 

in Oregon W 220; B 252 

in South Dakota W 146; A 21iv b; P32 

in southern United States W 145 

in Utah W 217, 277, 333, 364 

in Virginia W364 

in West Virginia GF179 

in Wyoming W 364; A 9 d; P 63; B 32, 47, 395, 641 i 

in Yellowstone National Park W 364; A 9 d; B 32,47,395 

- origin of heat in W 338, 418; A14nb 

radioactivity of B 396; MR 1913 nh 

' topography in relation to A 14 n b 

• variations in temperature of A 14 n b 

volcanism in relation to W 181; Bd30,491,616 

travertine deposited by W338,423;B 330,491,616; A 9b 

tubular W255 

vegetation of W 277, 338 ; A 9 d 

volcanoes in relation to W 181 

yield of , in United States A14n b; B 32 

Ste also Discharge of ground water and Mineral waters. 

" Spring-stream valleys" in Great Plains A 22ivc 

Stabler, Herman, Ground water in San Joaquin Valley, Cal W398 

Stream waters of western United States W274 

Standards for water analysis. See Analysis. 

Starch making, quality of water for W 341, 398 

State wells W122 

Stauffer, C. R., Columbus folio, Ohio « GF197 

Steam making. See under Quality of water. , 

Stephenson, L. W., Coastal Plain of North Carolina S6 

Deep well at Charleston, S. C P90h 

Geology and ground water of northeastern Arkansas W 399 

Undeiground waters of Coastal Plain of Georgia W34I 

Water supply of Savannah, Ga S 11 I 
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Sterilization of water W 254, 315 

See aUo Purification. 

Stevens, G. C, Surface water in California, 1912 W 331 

Stockton formation, water in, in New Jersey GP 167 

water in, in Pennsylvania GF 167 

Stock, quality of water for W 335, 343 

Stone, R. W., Elders Ridge folio, Pennsylvania GF123 

Water resources of the Elders Ridge quadrangle, Pa 110 

Waynesburg folio, Pa GF 121 

Stoney water lift W 14 

Storage capacity of rocks for water. See Quantity. 

Storage of well water W 1 , 5, 20, 1 84, 343 

Storrs, H. A., Cost of power for pumping irrigation water W 146 

Stoee, G. W., Apishapa folio, Colo GF 186 

Mercersburg-Chambereburg folio, Pa GF 170 

Pawpaw-Hancock folio, Md .- Pa. - W. Va GF 179 

Water resources of the Chambersbuig and Mercersburg quadrangles. Pa.. . W 110 
Water resources of the Pawpaw and Hancock quadrangles, W. Va.-Md .-Pa. . W 145 

Stovepipe well casings W 110, 140, 255, 257 

Strainers in wells. See Well screens. 

Stratified drift, water in WHO 

water in, in Connecticut W 232, 374, 397 

-in Texas - W 317 

See also Glacial drift and Glacial outwash. 
Stream deposits. See Alluvium, Valley fill, and Glacial outwash. 

Streams, artesian head in relation to GF 156 

diversion of, by undeiground channels A 21 iv c 

ground water in relation to W 9, 10, 18, 58, 67, 199, 234, 294, 375 d, 423; 

A 14 n a, 19 ii b 

__ growth of A 19 II b 

underground W 233, 258; A 18 iv b, 21 iv c; S4,8 

water table in relation to W 155 

Strontium in ground water W 338; B 47 

Stnictiure of rocks, thermal springs in relation to A 14 ii b 

Structural valleys. See Debris-filled basins. 

Subalkalinity of ground water W 338 

Subcapillary openings M 47 

Subirrigation : A 13 in b 

Subsurface dams. See Bams. 

Sucking wells W258 

Suction of pumps W 14 

Sugar making, quality of water for W 30, 341, 398 

Sulphates, field tests for W 151 

Sulphates in ground water W 254, 259, 273, 275, 338, 341, 343, 345 g, 398; 

B 330, 491, 616; MR 1911 ii n, 1916 

Sulphide enrichment, ground water in relation to B 529, 625 

Sulphides in rocks, ground- water levels in relation to B 529, 625 

Sulphides in ground water W 338, 345g; MR 1911 n n, 1916; GF206 

Sulphites in ground water B 47 

Sulphuraria in ground water '. W 338 

Sundance formation, water in, in South Dakota GF 107 

water in, in Wyoming GF 107 

Sunderland formation, water in, in Maryland GF 152 

Supercapillary openings M47 
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Siufpended matter in ground water W 254, 258, 269, 341, 398; S3 

field tests for W161 

Swamps, water table in relation to W 268 

Swartz, O.K., Pawpaw-Hancock folio, Md.-W.Va.- Pa GF179 

Switzerland, bibliography of ground water in W 163 

quality of ground water in B 330, 491, 616 

radioactive waters in MR 1913 n h 

Sylvania sandstone, water in, in Michigan W 30; GF 205 

Symbols for eprings on maps W 160 

Symbols for well data on maps W160 

T. 

Taf!, J. A., Muscogee folio, Okla GF132 

Tahlequah folio, Okla.- Ark GF 122 

Talbot, A. N., Corrections in determinations of flow from vertical well casings. W 110 

Talbot formation, water in, in Delaware GF 137 

water in, in Maryland GF 152 

Tallahatta buhrstone, water in, in Mississippi W 159 

Tampa formation, water in, in Florida W 319 

Tanning, quality of water for W254, 341, 398 

Tar springs in Alabama S 2 

TaiT, R. S., Water resources of the Watldns Glen quadrangle, N. Y WHO 

Watkins Glen-Catatonk folio, N. Y GF 169 

Tasmania, bibliography of ground water in W 163 

Taylor, F. B., Niagara folio, N. Y GF190 

Water resources of the Taconic quadrangle, N. Y.-Mass.-Vt W 110 

Taylor marl, water in, in Texas W 276 

Taylor, T. U., Irrigation systems of Texas W 71 

Stream measurements in 1904 W 133 

Stream measurements in 1906 W 174 

Underground waters of the Coastal Plain of Texas W 190 

Water powers of Texas W 105 

Tempany, H. A., on ground water in Antigua S 10 

Temperature, artesian flows influenced by W 400 b; A 5 c; B 319 

changes of, fluctuations of water table in relation to W 155; P44 

movements of grotmd water in relation to A 19 n b; B ?19 

of artesian water W 55, 78, 240, 400 b; A18ivc;Bl99, 319; GF45; S2 

changes in.. ^ W240 

seasonal variations in W 240 

yield of wells in relation to W 400 b; A 5 c 

of ground water. :, W 65, 78, 114, 220, 225, 240, 400 b; B 199, 319; GF 45; 8 2 

causes that raise W338; A14nb 

density in relation to B 319 

dissolved gases in relation to M 47 

dissolved solids in relation to M 47 

fluctuations of water table in relation to M 47 

irrigation in relation to W 398 

quality in relation to M 47 

radioactivity in relation to B 395 

variations in A 14 n b 

volcanism in relation to B 330, 491, 616 

yield of wells in relation to W 400 b; A 5 c 

See also under Springs. 
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Temporary hardneBS of ground water. See under Quality of ground water. 

Tennessee, areas, all of State W 102,114 

areas, Mount Mitchell quadrangle GF 124 

Koan Mountain quadrangle GF 151 

west of Tennessee River W 164 

artesian water in W 164 

bibliography of ground water in W 114, 120, 149, 163, 164 

law relating to ground water in W 152 

mine water in W 364; B 629 

mineral waters in W164; B32; MR 1883-1916 

quality of ground water in W 164, 364; B 32, 330, 491, 529, 616; GF 124 

spring records for B 32 

well records for W 61,149; B 264,298 

wells in, construction and cost of W 164 

Tensleep sandstone, water in, in Wyoming P 51, 53; B 656; GF 141, 142 

Terrell reservoir, water in, in Texas A 21 vn 

Tertiary alkalinity ' W 338; B 479 

Tertiary formations, water in, in Alabama W 114; S 2 

water in, in Antigua S 10 

in Arizona W 380 

in Arkansas W 114,145,399; P 46 

in California W 225,375 a; GF 66,138 

in Colorado : A 16 n f, 17 n f, 21 iv c, 22 iv c; 

M 27; P 32, 52; B 531 c; GF 71, 135, 198 

in Delaware W 114; B 138; GF 137,162 

in District of Colmnbia GF 152 

in Florida W 114,319 

in Georgia W 114, 341; B 138; 8 4 

inldaho W 53-54,78; B 199; GF 45,103,104 

in Illinois W 114, 164; A 17 n h; M 38 

in Indiana W 114 

in Kansas W 6, 273, 345 a; A 16 n f, 21 iv c, 22 iv c; P 32 

in Kentucky : W 114,164 

in Louisiana W 101,114; P 46 

in Maryland W114; B 138; GF 13, 23, 136, 137, 152, 182, 204 

in Mississippi W 114, 159 

in Missouri W 114,195 

in Nebraska W 12, 70, 215, 216, 425 b; 

A 16 n f, 19 IV c, 21 iv c, 22 iv c; P 17, 32; GF 87, 88 

in Nevada W 423 

inNew Jersey W114;B138;GF 137, 162 

in New Mexico W380; A 21 ivc,22ivc 

in North Carolina W114;B 138;GF80;S5 

in North Dakota GF 181 

in Oklahoma W 148, 345b; A 21iv c, 22iv c 

in Oregon W 63-54, 78, 220, 231 ; B 252 ; GF 103 

in Pennsylvania W144;GF162 

in South Carolina W 114; B 138 

in South Dakota W227; P 32; B 627 

in Tennessee W 114, 164 

in Texas. ... W 154, 190, 191, 276, 335, 375 g; A 21 iv c, 21 vn, 22 iv c; GF 64 

in Utah B 285 f ; P 66 

in Virginia W 114; B 138; GF 13, 23, 80, 136; S 8 
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Tertiary f onnations, water in, in Washington W 53-54, 65, 111, 118, 316, 

425e; B108;GF86,10(> 

in Wyoming W 70; 

A21ivc,22ivc; P32,51,56 
B 286 f, 364, 426 b, 543; GF 173 
See also specific formations. 

Tertiary salinity W 338; B 479 

Texas, areas, all of State A 11 n c 

areas, Austin and vicinity W 84, 132, 174; B 131 

Austin quadrangle GF 76 

Bexar County B298 

Black Prairie A 21 vn 

Burnet quadrangle GF 183 

Cameron County B 298 

Carrizo Springs and vicinity W 66; B 164 

Coastal Plain W 190, 335; B 282 

Dallas County B298 

Dimmit County B 298 

eastern edge P 46 

Edwards Plateau A 18 n b 

El Paso and vicinity W 140, 141, 343; GF 166 

El Paso quadrangle GF 166 

Fort Bend County B 298 

Fort Stockton and vicinity W 132 

Grand Prairie A 21 vi 

Guadalupe County. B 298 

Harris County B 264 

Hays Ocxunty B 298 

High Plains A 21 iv c, 22 iv c 

Johnson County B 298 

Kendall County B 298 

La Slalle County W 375 g 

Lampasas County B 298 

Llano quadrangle GF 183 

McMullen County.. W375g 

Medina County B 298 

north-central W 317 

northeastern W 276 

Nueces County B 298 

Nueces quadrangle GF 42 

Palo Pinto County B 621 e 

Panhandle, eastern part of W 154 

western part of W 191 1 

Parker County B 298 

Rio Grande Plain A 18nb 

Roberts County B 298 

San Angelo and vicinity. W 132 

southern x . A 18 ii b 

trans-Pecos region WHO, 141,343; GF 166; SI 

Toyahville and vicinity W 132 

Uvalde quadrangle GF 64 

Van Horn quadrangle GF 194 

western A 21 rv c, 22 iv c 
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Texas, areas, Wichita region , W 317 

Williamson County B 298 

Yellow House basin «. A 21iv c 

Zavalla County B298 

artesian water in W 13, 66, 71, 191, 276, 335, 376 g; 

Allnc, 18nb,21vii; GF 42, 64, 76, 194; SI 

bibliography of ground water in i... W61, 120, 149, 163 

blowing wells in W 258 

gypsum springs in W 164 

irrigation with ground water in W6, 13, 66, 71, 154, 190, 191, 37b G; 

A 11 n c, 16 n e, 21 rv c, 22 iv c 

law relating to ground water in W 162 

mineral waters in B 32 ; MR 1883-1916 

pimiping in, cost of W 13, 141 

tests of W 140, 141 

public water supplies in W 13, 190, 335, 343; A 18 n b; GF 166 

quality of ground water in W 66, 141, 190, 276, 317, 343, 364; 

A 18 n b, 21 vn; P 46; B 32; GF 166, 194; S 1 

rice irrigation with ground water in W 71 

salt springs in W 154 

salt water in oil fields of B 282 

"sheet water" in W154 

spring records for W 28, 37, 84, 105, 132, 174, 288; B 32, 131, 140 

underflow measurements in W 141 

weUrecordsfor W61,149; B 264, 298 

wells in, cost of Allnc; B 282 

Thallium in ground water B 47 

Thalwegs \ W67 

Therapeutic properties of water. . W 31, 164, 195, 233, 254, 259, 293, 335, 338, 341, 

398; A 14 n b; P 46; MR 1911 n n, 1913 n h 

Thermal movements of ground water A 19 n b 

Thermal springs. 8ee under Springs. 

Thomas, A. 0., Undeiground water resources of Iowa W 293 

Thorium in grotmd water B 395 

Tides, fluctuations of water tAble caused by W155,232; P44; GF193 

8m aUo Water table. 

Till, drainage into wells in W258 

water in W 114, 255, 257 

in Connecticut W 232, 374, 397 

in Illinois GF 188 

in Iowa W 293 

inMaine W223; GF 149 

in Minnesota W 256 

in Montana W400b 

in Nebraska GF 156 

in South Dakota GF 96, 97, 100, 113, 114, 156 

See also Glacitil drift. 

Tilting troughs for lifting water W 1 

Tilton, J. L., Underground water resources of Iowa W 293 

Tin in ground water B 47 

Titanatee in ground water B 47 



Z-- 



Digitized b/CjOOQlC 



154 PUBLICATIONS RELATING TO GBOUND WATBE. 

Todd, J. E., Aberdeen-Redfield folio, S. Dak GF 165 

Alexandria folio, S. Dak GFJOO 

De Smet folio, S. Dak GF114 

Elk Point folio, S. Dak.-Nebr -Iowa GF 156 

Geology and water resources of the lower James River valley, S. Dak W 90 

Geology and water resources of southeastern South Dakota W 34 

Huron folio, S. Dale GF 113 

Mitchell folio, S. Dak GF 99 

Olivetfolio, S. Dak , GF 96 

Parker folio, S. Dak GF 97 

"Top water" in relation to oil B 658 

Topography, thermal springs in relation to A 14 n b 

water table in relation to W 67, 169, 254, 374; A 19 n b 

Torchlight sand, water in, in Wyoming B 656 

Torpedoing of wells W 233, 255, 257 

Transmission constant W 67, 140 

Transpiration W 7, 153, 294, 320, 375 d, 423; S 7 

measurements of W 294 

Trap rock, water in WHO, 160,223,232,374; B 319 

Trautwine, on flow of water through soils A 19 n b 

Traverse formation, water in, in Michigan W30, 114; GF205 

Travertine deposited by ground water W 338, 343, 423; 

A 9 d, 18 u b; B 330, 491, 616; S 3 

Travis Peak sand, water in, in Texas GF 42 

Trent formation, water in, in North Carolina S 5 

Trenton limestone, water in, in Illinois B 506; GF 81 

water in, in Indiana W 114, 254 

in Iowa \ W293 

in Michigan W114 

in Ohio W114; A19ivb; GF197 

in Wisconsin W 114; S9 

See also Platteville limestone. 

Triassic formations, water in, in Arizona W 380; B 435 

water in, in Colorado : A 16 n f , 17 n f ; P 52 

in Connecticut W 110, 114, 232, 374 

in Kansas A 16 n f 

in Massachusetts W 110 

in Nebraska A 16nf 

in North' Carolina W 114 

inNew Jersey W 114; GF 157, 167, 191 

inNew Mexico W 380; B 435 

in New York W 114; GF157 

in Pennsylvania W 106, 114; GF 162, 167 

in South Dakota GF 107, 164 

in Texas W 154, 191 

in Utah W380 

in Virginia W 114, 258 

in Wyoming B 364; GF 107, 150, 173 

See also specific forrnatioris. 

Trinity formation, water in, in Arkansas P 46 

water in, in Colorado A 16 n f 

in Kansas A 16 n f 

in Nebraska A 16 n f 

inTexas W276; A21vn; GF42, 76,183 
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Triplex pumpe W 14 

Troughe, tilting, for lifting water Wl 

Trowbridge, A. C, Gftlena-Elizabeth folio, Ill.-Iowa GF 200 

Tufa deposited by ground water.. W 338, 343, 423; A9d,18nb; B 330, 491, 616; S3 

Tuff, water in W375 8; GP 138 

Tunnels for recovering ground water. See Infiltration ditches and tunnels. 

Turbidimeters for testing water W 151 

Turbidity of ground water W 341, 398; S 3 

due to loess S3 

in limestone S3 

Turkestan, bibliography of ground water in W 163 

Turner, H. W., Marysville folio, Cal GF17 

Tuscahoma formation, water in, in Alabama S 2 

Tuscaloosa formation, water in, in Alabama S 2 

water in, in Georgia S4 

in Mississippi W159 

Tuscan tuff, water in, in California W375a; GF 138 

Tympana for lifting water Wl, 29 

U. 

Udden, J. A., Belleville-Breese folio, 111 GF 195 

Geology and mineral resources of the Peoiia quadrangle, 111 B 506 

Underflow, recovery of W380 

Underflow dams. See Dams. 

Underflow ditches. See Infiltration ditches and tunnels. 

Underflow measurements W 112, 140, 141, 153, 184, 258; A 19 n b; P 44 

cost of W112 

methods for making ^ W 112, 140; P44 

Underflow meters W 112, 140, 141; P44 

See aUo Movements of ground water. 
Underground dams. See Dams. 

Underground streams... W233,258; A 18 iv b, 21 iv c; S4,8 

Uniformity coefficient of water-bearing materials W 67; P 44 

United States Geological Survey, ground-water work of, prior to 1904 B 227 

United States history, ground water in relation to A 14 n a 

Unkpapa sandstone, water in, in South Dakota P 66 

water in, in Wyoming P 65 

Upham, Warren, Glacial Lake Agassiz M 25 

Uranium in ground water B 395 

Utah, areas, Bear River valley W333 

areas, Beaver Valley W277 

Blue Spring Valley W333 

Boxelder County W333 

Central Sevier Valley W 199 

Curlew Valley W 333 

east-central B 628 

Escalante Desert W277 

Fish Springs Valley W 277 

Grand County B 541 d 

Grouse Creek valley W333 

Hansel Valley W 333 

Iron County W277 

Jordan River valley W 157 
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Utah, areaB, Juab County W277 

Juab Valley W277 

Millard County W277 

northern W7,333 

Old River Bed region W277 

ParkVaUey W 333 

Pteowah Valley W277 

P&vant Valley W277 

Round Valley W277 

RushVaUey W333 

Rush Lake valley W277 

Salt Lake County B 2»8 

Sanpete Valley W199 

Sevier Desert W277 

Skull Valley W333 

Snake VaUey W277 

southeastern W380 

Tintic Valley W277 

Tooele County W333 

Tooele Valley W333 

Utah Like Valley W 157 

White Valley W277 

artesian water in W 157, 199, 217, 277, 333 

bibliography of ground water in W 120, 163 

dams for ground water in W199 

evaporation in 1 W 7 

guides to watering places in W 277, 333 

infil trati&n tunnels in B199 

irrigation with {[round water in W 217, 277, 333; A 16 n e 

law relating to ground water in W 122, 152 

mine waters in W364 

mineral waters in B32; M R 1883-1916 

quality of ground water in W 157, 199, 217, 277, 333, 364; B 32 

seepage water in W 7 

spring records for W 133, 212, 359, 360, 389, 390; B 32 

well records for W 61, 149; B 264, 298 

Utica shale, water in, in Michigan W 114 

water in, in Ohio W 259 

V. 

Vacuum gages W 141 

Vacuum in pumps, methods of determining W 141 

Vadose circulation of ground water B 529 

Vadose waters '. B 330, 491, 529, 616 

VaUey fill, interbedded with lava, water in W54; B199 

water-bearing capacity of W 423 

water in, diagram showing W 277, 333 

early statement in regard to A 13 m a 

in Arizona W 104, 136, 320, 375 b, 380, 425 a; B 352; GF 111, 112 

in California W 89, 137, 138, 139, 142, 219, 222, 225, 278, 

294, 375 a, h, 398, 400 e; GF 163, 193; S 6, 7 

in Colorado W240 

in Idaho W78 
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Valley fill, water in, in Montana W345g,400b 

in Nevada W 365, 376 d, 423, B 530 r 

in New Mexico W123, 

158, 188, 260, 275, 343, 345 c, 425 a; B 618; OF 199, 207 

in Oregon W78,220,231; B 252 

in Texas W343; GF 166, 194; Si 

in Utah W 157, 199, 217, 277, 333 

See also D^brifl-filled baalns. 

Valves in pumps W 14 

Van Hise, C. R., Treatise on metamorphism M 47 

Vaughan, T. W., Austin folio, Tex GF76 

Geology and underground waters of the Edwards Plateau and Rio Grande 

Plain, Tex A 18 n b 

Geology of the ground waters of Antigua, B. W. I S 10 

Nuecee foUo, Tex GF42 

Rio Grande coal fields of Texas B 164 

Uvalde folio, Tex GP64 

Veatch, A. C, Coal and oil in Uinta County, Wyo B 286 

Fluctuations of water levels in wells W 155 

Creography and geology of southwestern Wyoming P 56 

Geology and underground water resources of northern Louisiana and south- 
em Arkansas P 46 

Records of deep wells, 1904 B 264 

UndCTground water resources of Long Island, N. Y P44 

Underground waters of Louisiana and southern Arkansas W 114 

Veatch, J. 0. , Underground waters of the Coastal Plain of Georgia W 341 

Vegetation, algae in ground water W338 

as indicator of ground water W 294, 375 d, 423 

carbonates in water in relation to A 9d 

crenothrix in ground water W 338 

. discharge of water by W 7, 153, 294, 320, 375 d, 423; 87 

ground water in relation to. . . . V7 30, 224, 277, 294, 320, 343, 375 d, 380, 423; B 308 

hot springs in relation to A 9 d 

quality of ground water in relation to W 343, 423 

Bulphuraria in ground water W 338 

water table in relation to W 320, 343, 423 

zones of ground water in relation to W320 

Veins, artesian water in B 319 

Velocity of ground water. See Movements of ground water arut Underflow 
measurements. 

Vermont, areas, all of State W 102, 114 

areas, Taconic quadrangle W 110 

Ticonderoga quadrangle W 110 

artesian water in W 114 

bibliography of ground water in W 114, 120, 163 

isochlors in W 144 

law relating to ground water in W 152 

mineral waters in W 114; B 32; MR 1883-1916 

public water supplies in W 102, 114 

quality of groxmd water in W 102, 114; B 32 

spring records for B 32 

well records for W 149; B 298 

Vertical drainage. See Drainage into wells. 
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YesicIeB in rocks, artesiaii water in B 319 

Vicksbuig formation, water in, in Florida W 319 

water in, in Georgia W 341; S 4 

in MiflffiflHippi W 159 

Views. See Illustrations. 

Virginia, areas, aU of State W 114 

areas, Coastal Plain B 138; S 8 

Predericksbuig quadrangle GF 13 

Manassas and vicinity , W 258 

Nomini quadrangle GF 23 

Norfolk quadrangle GF 80 

St. Marys quadrangle GF 136 

Washington quadrangle GF 70 

artesian water in B 138; GF 23, 70, 80; 88 

bibliography of ground water in W 61, 114, 120, 149, 163 

infiltration tunnels in S 8 

isochlors in S 8 

law relating to ground water in W 152 

mineral waters in B 32; MR 1883-1916; S8 

public water supplies in GF 80; S 8 

quality of ground water in W 258, 364; B 32; GF 80; S 8 

spring records for B 32 

well records for W 61,149; B 298 

wells in, construction of S 8 

cost of S 8 

Viscosity of water, coefficient of W 67; A 19 n b 

Vitruvius on origin of ground water A 14 n b 

Volcanic rocks. See Lava. 

Volcanism, quality of ground water in relation to B 330, 491, 616 

thennal springs in relation to W 181; B 330, 491, 616 

W. 

Wall Creek sandstone, water in, in Wyoming B 471 a 

Waring, G. A., Geology and water resources of the Harney Basin r^on, Or^. . W 231 

Geology and water resources of south-central Oregon W 220 

Geology and water resources of south-central Washington W 316 

Ground water in Reese River valley and adjacent areas, Nev W 425 d 

Mineral springs of Alaska W 418 

Springs of California W 338 

Warm Springs. See Springs. 

Warsaw formation, water in, in Missouri W 195 

Wasatch formation, water in, in Wyoming B 285 

Washing down test pipe W 141 

Washington, areas, all of State W 111 

areas, Benton Coxmty B 298 

Big Bend country W 425 e 

central W 425 e; B 108 

Columbia River Plains W 316 

east-central W 118 

EUensburg quadrangle GF 86 

Grant County W425e 

Horse Heaven Plateau W 316 

Jefferson Coxmty B 298 

Mount Stuart quadrani^le GF 106 

Quincy Valley W425e 
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Waahington, areas, Reservation Valley W 318 

sputh-cential W 316 

southeastern W 4 

Sunnyside Valley . . . , W 316 

Walla Walla County B 298 

Yakima and vicinity W 55, 76 

artesian water in.. W 4, 56, 75, 118, 316; B 108; GF 86,100 

bibliography of ground water in W 120, 163 

blowing wells in ^ W258 

irrigation with artesian water in W 55 

with ground water in W 65, 316, 425 e; A 16 n e 

laws relating to ground water in W 55, 78, 122, 152 

mineral waters in B 32; MR 1883-1916 

public water supplies in W 111 

quality of groimd water in Wlll,425e; B 32 

spring records for W 332, 362, 394; B 32 

stock-watering places in W 316 

temperature of artesian water in W 55 

weU records for , . . . W 61, 149; B 264, 298 

Washington limestone, water in, in Pennsylvania G F 121 

Washita formation, water in, in Texas W 276 

Waste-filled basins. See Debris-filled basinn. 

Waste of ground water. See Conservation. 

Water in mines. See Analyses of mine waters. Mines, and Quality of mine waters. 

Water-bearing formations. See specific formations; also under Maps. 

Water-bearing material, effective size of W 67, 140; P 44 

uniformity coefficient of P 44 

'*Water catches'' for collecting rain wat^, construction of W 380 

"Water finders" W 416 

Water horizons. See specific formatUms. 

Water rights. See Law rdating to ground water. 

Water spreading in California S 6 

Water-stage recorders used in wells W 155; A 19 ii b 

Water supplies. See Irrigation, Public water supplies, and Watering places on 
routes of travel. 

Water table, definition of....' W 67 

fluctuations of W 10, 12, 18, 29, 30, 58, 67, 137, 138, 139, 142, 153, 156, 164, 

213, 219, 232, 251, 256, 258, 294, 319, 320, 331, 343, 345 g, 345 h, 375 a, 
400 e, 423; A 19 ii b, 21 iv a; M 47; P 44; G F 120, 193; S 6, 8, 9. 

air in soil in relation to A 19 n b 

barometric pressure in relation to W 165, 258; A 19 n b; M 47; P 44 

capillarity in relation to W 155 

causes of W 155; M 47 

dams in relation to W 155; P 44 

deforestation in relation to — W 155 

denudation and valley filling in relation to M 47 

discharge of grotmd water in relation to W 155, 294 

evaporation in relation to W 294, 423 

geologic causes of ' W 155 

human agencies in relation to •. W 155; M 47 

irrigation in relation to W 142, 155; 219, 345 h 

methods of determining W 155 

plastic formations in relation to , . , . , W 155 

56122*»— 1&— wsp 427 11 
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Water table, fluctuations of, precipitation in rdatiop to W 137, 

138, 139, 142, 219, 345 h, 375 a, 400 e; A 19 n b; P 44 

principles of W 155; B 529 

pumping in relation to W 142, 165, 219, 345 h; P44 

quantity of ground water indicated by W 346 h, 400 e 

railroad trains in relation to W 155 

settlement in relation to W 155 

streams in relation to W 156 

temperature in relatian to W 155; M 47; P 44 

tides in relation to W 155,232; P44; GP 193 

uplift and subsidence in relation to M 47 

in Arizona W 104, 136, 320, 375 b, 425 a; GP 129 

in Arkansas W 399; P46 

in California W 58, 137, 138, 139, 

142, 146, 213, 219, 222, 225, 251, 331, 345 h, 375 a, 398, 400 e; S 6, 7 

in Colorado W 9; P94; B265; GP120 

in Connecticut W 160,232,374, 397 

in crystalline rocks W 232 

in Florida W 319 

in Great Plains A^ 21 iv c, 22 iv c 

in Idaho GP 103 

in Illinois B 606; GF67; S3 

in Indiana W 254; GP 67 

in Kansas W 6,153,258 

in Kentucky W 164, 233 

in Louisiana P 46 

in Michigan W 30, 182, 183; GP 155 

in Minnesota W 256 

in Mississippi W 159 

in Montana W 345 g 

in Nebraska W 12, 29, 184, 425 b; A 21 iv a 

in Nevada W 365, 423, 425 d 

in New Mexico W 10, 188, 275, 343, 345 c, 422, 425 a; B 618; GF207 

in New York P 44 

in Oregon W 220, 231; GP 103 

in Pennsylvania B 300 

in Tennessee W 164 

in Texas W 141, 335 

in Utah W 157, 199, 217, 277, 333 

in Virginia S 8 

in Washington W 316, 425 e 

in T^consin S9 

in Wyoming W 425 b 

perched W 164, 233, 258, 320, 335; P44,46; S8 

relation of artesian head to W 256, 293; A6c; S9 

discharge of ground water to W 155, 294, 320, 423; S7 

faultsto W346h; 423 

oil and gas to B 658 

oredepoflitato M 47; P 94; B 529, 626; GP 112, 120, 129 

sulphides to B 529, 625 

topography to W67, 159,254,374; A19nb 

vegetation to W 294, 320, 343, 423 

shape of W 67; A 19 ii b 

See dUo Maps. 
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Water wheels te lifting water W 1, 4, 13, 29 

Water witching, bibliography of W 416 

fallacy of W 255, 278, 416; MR 1882 a 

history of W 416; MR 1882 a 

Watering places on routes of travel in Arizona W 380; B 352 

in California W 224; B 308 

InNevada W 224, 365; B 308 

in New Mexico W 343,- 380 

in Utah W 277, 333 

"Waterldme" formation, water in, in Indiana W 114, 254 

Water works. See Public water supplies. 

Waverly shale, water in, in Indiana W 114 

water in, in Kentucky W 233 

Waynesburg sandstone, water in, in Pennsylvania GP 121 

Weather, effects of, on wells. See under Water table and Wells. 

Weathered rocks, water in W 114 

Weathering produced by ground water M 47 

Weed, W. H., Fort Benton folio, Mont GF65 

Hot sfHings of southern United States W 146 

Little Belt Mountains folio, Mont GF 66 

Travertine and siUceous sinter of hot springs A9d 

Weeks, F. D., Underground waters of New York W 114 

Well and spring records for New York W 102 

Wegemann, G. H., Oil and gas in Pfalo Pinto County, Tex B 621 e 

Powder River oil field, Wyo B471a 

Weidman, Samuel, Water supplies of Wisconsin S 9 

Weirs, coefficients, f<»inulas, and tables relating to W 160, 200 

experiments with '. W 150, 200 

portable W 320 

Welitschkowsky, on flow of water and air through soils A 19 n a 

Well.casingB W 145 

brick W255 

cenient W 265, 293 

oxTosion of W 293 

decay of S3 

double W227 

effect of mineralized water on W 293; S 6 

heavy iron W 255 

magnetization of W 258 

methods of inserting W 223, 257, 293 

perforation (rf W 110, 140, 257 

pulling of W 257 

rock W255 

sheet iron W 255 

steel W293 

stovepipe W 110, 140, 256, 267 

straightening of W 257 

types of W 233, 265, 257 

uses of ; W 223, 267, 293 

tile W265 

wooden W 265 

wrought irpn W 293 

Well construction, accidents in W 257, 293 

artesian W 118, 227, 257; A 5 c, 17 n g; S 9 

augers for W 231, 257, 375 a; P 46 
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Well construction, boring method of W 255 ; 8 8 

boulders interfering with W 257 

"California" method of W 110, 140, 220, 231, 256, 257 

calyx drills for W 255, 257 

chilled-shot drills for W 257 

chum drills for W 232, 257 

controlling flows in W 118; A 6 c 

<(xe drills for W 257; P 46 

crooked holes in W 256, 257, 293 

deep-drilling methods o^ W 257, 293 

detecting flows in W 118, A 5 c 

diamond drills for W 146, 255, 257 

difficulties in W 257 

digging method of W 232, 254 

double casing used in W 227 

driving method of W 140, 145, 232, 254, 256, 257; A 19 iib; P 46; S8 

explosives used in W 223, 255, 267 

finishing methods of W 265, 258, 293, 343; P 46 

for drainage purposes W 258 

for underflow measurements W 112, 140 

friction in W 257 

gravel screens developed in W 256, 256, 293, 343, 346 g 

history of W 257 

hollow-rod method of W 267 

hydrauUc method of W 265, 256, 257 ; P 90 h 

in Arizona W 380 

in Arkansas W 145; P 46 

inO&lifomia W52, 110, 140, 267, 376 a 

in Colorado W 240; GF 68 

in Connecticut W 232, 374, 397 

in Great Plains '. A 2^ rv c 

in Idaho W 78 

in Illinois •- W 164 

in Indiana W 264 

in Iowa W 293 

in Kansas W 268 

in Kentucky W 164 

in Louisiana P 46 

in Maine W 223 

in Michigan W 30, 182, 183 

in Minnesota W 256 

in Montana W375g,400b 

in Nebraska W 184,215,268 

in Nevada W 375 d, 423 

in New Mexico W 343 

in Oregon W 78, 231 

in South Dakota W34,227; A17ng; GF 96 

in Tennessee W164 

in Virginia 8 8 

in Washington W 118 

in Wisconsin ■. S 9 

jetting method of W 101, 164, 231, 254, 255, 256, 257; P 46; S 8 

joints in rock in relation to W 223, 256 
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Well construction, loss of tools in W 257 

mud interfering with W 257 

oil-well rigs used in W 257; B 282 

oil-well, to exclude water from B 668 

on alkali flats B 530 r 

packers used in W 54, 118, 160, 257, 293; A 5 c; S 9 

percussion drills for W 257; S 8 

perforators used in W 110, 140, 257 

pole-tool method of W 257 

portable rigs for W 257 

pumping method of W 255, 343, 345 g 

punching method of W 255, 257; P 46 

quicksand interfering with W 30, 257,375 d, 423 

ledudng diameter in : W 293 

lotary drills for W 101,232,255,257; P46,90h; 8 8 

"sand bucket" method of W 231, 258 

sand pumping in connection with W 231, 256, 258, 293, 343; P 46 

eeed-bag packers used in W 54, 118; A 5 c 

self-cleaning drills for , W 257 

spalls interfering with v W 257 

special operations used in W 257 

spring-pole method of W 257 

spudding method of W 257 

standard drills for W 255, 257 

steel-shot drills for W 255, 257 

stovepipe method of W 110, 140, 220, 231, 255, 257 

tapering of holes in W 256 

time required for GF 68 

tools used in : W257 

Well data, s3anbols for, on maps W 160 

Well drilling. See Well construction. 

Well drillings, fossils in W 293; P 90 h 

interpretation of W293; P90h; S9 

methods of collecting 4 B 264, 298; P 90 h; 8 9 

methods of examining W 293; P 90 h 

Well drills, manufacturers of W 257 

Well packers W 54, 118, 160, 257, 293; A 5 c; 89 

methods of inserting W 257, 293 

Well records, correlation by means of W 293; P 90 h 

for Alabama W 57, 1P2, 149; B 264, 298; 8 2 

for Arizona. W 57, 104, 136, 149, 320, 375 b, 380; B 298, 352, 435, 540 p; GF 111, 112 

for Arkansas W 57, 102, 145, 149, 399; B 264, 298;P46 

for CaHf omla W 45, 

57, 58, 60. 89, 137, 138, 139, 142, 149, 181, 213, 219, 222, 
225, 251, 278, 294, 331, 345h, 398; B 264, 298. 540n; 8 7 

for Colorado W 57, 149, 240, 264; 

B 298; A 16 11 f , 17 11 f ; M 27; P 32, 52; B 131; GF 135, 186 

for Connecticut W 57, 102, 110, 149,232,374, 397; B 264,298 

for Delaware W 57, 114, 149; B 138, 298; GF 137, 162 

for District of Columbia • W 57, 114, 149; B 138; GF70,152 

for Florida W 57, 102, 149, 319; B 264, 298 

forOeorgia W 57,67.102,149.341; B 138,264.298; 84 

for Hawaii ,. W 318, 336, 373, 430; 812 
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Well records, for Idaho W 57, 149 ; B 199, 264, 298; GF 45, 104 

forlllinoiB W 57, 

149, 164; B 264, 298, 438. 506; A 17 n h; M 38; GF 67, 81, 105; S 3 

for Indiana W 21, 26, 113. 149, 264; B 264, 298; A 18 rv b; GF 67, 84, 105 

for Iowa W57. 149,293; B264.298; GF 156 

for Kansas W 57, 149, 153, 258. 273, 345 a; A 16 n f ; P 32; B 131, 264. 298 

for Kentucky W 57, 102, 149, 164. 233; B264.298; GF 184 

for Louisiana WlOl.149; P46; B264,298 

for Maine W 57, 102, 145. 149, 223; B264,298 

for Maryland W 114, 149; B 138, 298; GF 70, 152 

forMaaaachuaetts W 57, 102, 110, 149; B264,298 

for Michigan W 57, 102, 149, 160, 182. 183; B264,298 

for Minnesote W 57, 102. 149, 193. 256 ; M 25; B 264, 298; GF 117, 201 

for Miaaiasippi W 102, 149, 159; P 46; B 264, 298 

forMiaaouri W 57. 102, 149, 195; B264,298.438 

for Montana W 57, 149, 221, 345 g. 400 b; B264,298 

for Nebraska W 12, 29, 

61. 149, 215. 216. 425 b; A 16 n f ; P 32; B 131, 264, 298; GF 88, 108, 156 

for Nevada \ W 61, 149, 365. 423; P95a; B530r,540n 

for New Hampshire W61,102.149; B264,298 

for New Jtoey W 61, 106, 114, 149; B 138, 264, 208; GF 157. 161, 162 

for New Mexico W 61. 149. 158, 188, 275, 343, 345 c, 380; B 264. 298, 435. 618 

for New York W 61. 102. 110, 149; P 44; B 138. 264. 298; GF 157 

for North Carolina W 61. 114, 149; B 138, 264, 298; GF 80, 124; S 5 

for North Dakota W 61, 149; A 17 n g; M 26; B 298; GF 117, 168, 181 

for Ohio W61, 149,259; A 18 rv b, 19 nr b; B264.298; GF 184 

forOklahoma W 57, 61, 148, 149, 345 b, d; B 264, 298 

for Oregon W 61,149,220,231; B 252. 264, 298 

for Pennaylvania W 61, 106, 149; B 138; 264. 298, 531 d; GF 121, 123, 162 

for Rhode Island W 61, 102, 149; B 264, 298 

for South Carolina W61.114,149; P90h; B138.298 

for South Dakoto W 34, 61, 90, 149, 227; A 17 ng,18 iv c,21 iv b; 

P 32, 65; B 264, 298; GF 96, 99, 100, 107. 108, 113, 114. 156, 164. 165 

for Tennessee W 61. 102, 149, 164; B264.298; GF 124 

for Texas W 13, 61, 149, 190, 276, 

317, 335. 343. 375 g; A 18 n b, 21 vn; P 46; B 264. 298; GF 166; S 1 

for Utah W 61, 149. 157. 199. 217, 277, 333.' 380; B 264, 298, 541 d 

for Vermont W 102, 110, 149; B 298 

for Virginia W 61, 114, 149. 258; B138,298; GF70,8O; S8 

for Washington W 55, 61, 111, 118, 149, 316; B 264, 298; GF 86. 106 

for West Virginia W61,149; B264.298; GF 184 

for Wisconsin W61.149; B264,298; GF 140; S9 

for Wyoming,.. W 61, 149; A 21 iv b; P32, 56,65; B 298,364.621 1; GF, 107, 173 

forecasting ground water by means of W 293 

importance of B 264 

methods of making and obtaining W 293; B 264 

preservation of W 78, 256 

See also other papers listed under specific States, many of which also contain 
well records. 

Well screens, construction of W 101 

efficiency of ., WHO, 375 a 

gravel !.... W 255, 256. 293. 343. 345 a, g. 375 a 

incrustation of W 256. 293 
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Well screenB, load produced by clogging of W 9 

methods of using W257 

natural W 256, 293, 343, 345 g, 375 a 

Porcher type of W 141 

sand points as W.145 

typesof W 71, 265, 257, 375 a; P46 

Well sections, correlation of W 293 

Well sweeps W 1 

Wells, barometric effects on W 29, 

155, 195. 215, 216, 256, 258. 317; A 19 n b; M 47; P 44; B 19; GF 156 

barometric effects on, bibliography of W 155 

blowing, in Arizona W 258 

in Arkansas W258 

in Colorado A 16 nf 

inGeorgia W258; S4 

in Indiana. W258 

in Iowa W258 

in Kansas A 16 n f 

in Louisiana W 101,258 

in Michigan W30,258; GF205 

^ in Minnesota W 256, 258 

in Miasouri W 195, 258 

in Nebraska ' W29,215,216,258; A 16nf 

in New York W258;P44 

in Oregon W258 

in South Carolina W258 

in Texas W 258 

in Washington W258 

in Wisconsin W 258 

breathing W 215, 258 

See alao Wells, barometric effects on, and Wells, blowing. 

daasification of W 255 

cleaning of W 67, 255, 257 

to develop gravel screens W 256, 293, 343, 345 a, g 

clogging of W 8, 14, 256, 257, 293 

combined with cisterns W 255 

connected W 223, 293 

cost of WHO, 255, 257 

drilled by jetting process W 255, 277 

drilled in crystalline rocks W 160, 258 

drilled in shale W258 

for drainage W258 

in Arizona W 320 

in Arkansas W399;P46 

in Atlantic Coastal Plain W258 

in California W 137, 138, 139, 142, 219, 222, 225, 278, 375 a, 398 

in Colorado W9,240;B131; GF68 

in Connecticut W 160 

in Great Plains A 11 ii c 

in minds W164 

in Kentucky W 1 64, 233 

in Kansas B 131 

in Louisiana B282;P46 
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Wells, coflt of, in Maine W 223,258 

in Missouri W 195 

in Montana W 400 b 

in Nebraska W29; B131 

in Nevada W423 

in New Mexico W 10, 345 c 

inOr^on W 220, 231 

in Tennessee W 164 

in Texas B 282 

in Utah W277 

in Virginia S8 

deep, bibliography of W 57, 61 

list of W 57, 61, 149, 257 

diameters of, yield and efficiency in relation to W 293 

drainage into W 146, 160, 266, 258, 293 

explosives used in W 223, 256, 257 

flow into, law of W 140 

flow of, methods of increasing W118; A5 c 

flows in, method of detecting W118; A5c 

flushing of W67 

for imderflow measurements W 112, 140, 141 

freezing of ['. W 29, 256, 258 

horizontal type of. See Infiltration ditches and tunnels, 
hot water in. See under Temperature. 

improvement of water in W 160 

interference of W67,122,184,223; A19iib;M27; GF97;S8,9 

law relating to W 122 

magnetism in W258;S8 

measurement of depth of W 257 

natural, caused by sink holes A 21 iv c 

packing of W 54, 118, 160, 257, 293; A 5 c; S 9 

pollution of. See under Pollution. 

rise of water in, methods of measuring rate of W 140, 155; A 19 n b 

roaring W 29 

screening of. See Well screens. 

singing W 29 

siphons in W 254, 320, 374, 397 

specific capacity of W 140, 141, 153, 258, 400 b, 425 b; P 44; S 11 

sucking W258 

sunk by States W 122 

testing of, deceptions in W 257 

water levels in, methods of obtaining continuous records of W 155; A 19 n b 

weather W215 

yield of, depth in relation to W 160, 232 

diameter in relation to W 293 

fluctuations in W 256, 258 

methods for measuring W 67, 110, 150, 157, 200, 219, 240, 320 

methods of increasing W255,257,343 

principles of W 67, 140, 293; A 19 nb 

temperatiure of water in relation to W 400 b; A 5 c 

weather in relation to W 256, 258 

See also Artesian water, Artesian wells, Well casings, Well construction, and 
Well screens. 
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WeBbrook, F. F., Quality of surface waters in Miimeeota W IW 

Weet Indies, areas, Antigua 8 10 

areas, Cuba WHO 

bibliography of ground water in W 163 

Weet Virginia, areas, Accident quadrangle GF 160 

areas, all of State W 114 

Cabell County B208 

Flintstone quadrangle W 110 

Frostburg quadrangle W 110 

Hancock quadnmgle W 146 ; GF 179 

Eenova quadrangle } GF 184 

Nicholas quadrangle W 145 

Fbwpaw quadrangle W 145; GF 179 

artesian water in GF 160, 179 

bibliography of ground water in W 61, 114, 120, 149, 163 

law relating to ground water in W 162 

mineral waters in W 114; B 32; MR 1883-1916 

quality of ground water in W 145, 364; B 32; GF 179, 184 

salt water in B 630 b ; GF 184 

spring records for B 32 

weU records for W 6 1 149 ; B 264 , 298 

White River group, water in .* P 32 

Whitfield, J. £., Analyses of waters of Yellowstone National Park B 47 

Whitney, F. L., Artesian water at Ithaca, N. Y W 110 

^chita formation, water in, in Texas W 317 

^comico formation, water in, in Delaware GF 137 

water in, in Maryland GF 137 

Wilcox formation, water in, in Arkansas W 399 

water in, in Georgia W 341 

in MiflRiflprippi W 159 

in Texas W 276, 335 

8ee aUo Sabine formation. 

Willard, D. E., Casselton-Fargo folio, N. Dak.-Minn GF 117 

Jamestown-Tower folio, N. Dak GF 168 

Williams,H.S.,Eastport folio. Me GF192 

Watkins Glen-Catatonk folio. New York GF 169 

WiBis, Bailey, New York City folio GF 83 

Wilson, H. M., American irrigation engineering A 13 m b 

Pumping for irrigation W 1 

\^nche8ter, D. £., Lignite field of northwestern South Dakota B 627 

Winchester limestone, water in, in Kentucky W 233 

Windmills , * ' angle of weather "in W20 

battle-ax type of W 29 

brake adjusters for W 20 

classification of W 41 

cost of W29 

Coulomb's experiments with W 41 

eflfciency of W 8, 41, 42 

for draiiuftge in Holland W20 

experiments with W 20, 41, 42 

for pumping W 1, 

8, 12, 13, 14, 20, 29, 41, 42, 260, 275, 343; A 19 nr c, 22 iv c; P 17; GF 103 

giant type of W 42 

Griffith's experiments with W 41 
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Windmillfl, history of W 20 

Holland type of W 29, 41 

homemade types of W 20, 29 

journal friction in W 20 

Jumbo type of W 29, 41, 42 

King's experiments with W 41 

merry-go-round type of W 29 

Perry's experiments with W41 

regulating devices for W 41 

sails or slate of W 20 

screw type of W 29 

Smoaton's experiments with W 41 

starting forces of W 20 

testing, apparatus for W 20, 41, 42 

artificial wind for W 20 

methods of W 8, 20, 41, 42 

theory of W 20 

towers of W 20 

Winslow formation, water in, in Oklahoma GF 132, 154 

Wisconsin, areas, all of State W 114; S 9 

areas, Lancaster quadrangle GF 145 

Manitowoc County. . . .• '. B 298 

Milwaukee quadrangle OF 140 

Mineral Point quadrangle W 145; GF 145 

artesian water in GF 140, 145; S 9 

bibliography of ground water in W 61, 114, 120, 149, 163 

blowing wells in W 258 

law relating to ground water in W 122 

mineral waters in W 114; B 32; MR 1883-1916; GF 140; S9 

public water supplies in GF140; S 9 

quality of ground water in B 32; GF 140; S 9 

spring records for B 32 

well records for W 61, 149 ; B 264, 298 

Wifisahickon gneiss, water in, in Pennsylvania. W106 

"Witching" for water. See Water witching. 

Wolff, H. C, Underflow near St. Francis, Kans W 258 

Underflow of South Platte Valley ". W 184 

Wolff, J. E., Franklin Furnace folio, N.J... GF 161 
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ARTESIAN WATERS H THE YICINITT OF THE BUCK 
HELS, SOUTH DAKOTA 



By N. H. Dabton. 



INTRODUCTION. 

The foothills and plains adjoining the Black Hills in western South 
Dakota are semiarid and have been greatly retarded in development 
by the scarcity of water. Surface waters are meager in volume and 
at most places are considerably mineralized. Springs are rare, and 
as much of the area is imderlain by clay or shale, the water from most 
shallow wells is imsatisfactory in quantity and quality. Several 
streams rising in or beyond the Black Hills cross the plains, but their 
flow and quality are variable. Fortunately the area is underlain by 
sandstones wliich receive water at their outcrops in the Black Hills 
and will yield it when tapped by wells, thus adding greatly to the 
resources of the region. To make the best use of these water-bearing 
beds a knowledge of the general geology of the region is necessary. 

OEOL.OOY OF THE REGION.^ 

QENEBAL STBUCTXTBE AND STBATIQBAPHY. 

The Black Hills uplift is an irregular dome or arch 125 miles long 
and 60 miles wide, whose longer dimension lies nearly northwest and 
southeast. It has brought above the general level of the Great 

^ For a detailed account of the geology of the Black Hills, see Darton, N. H., Geology 
and underground water resources of the central Great Plains: U. S. Geol. Survey Prof. 
Paper 32, 1005; Darton, N. .H.* Preliminary description of the geology and water re- 
sources of the southern half of the Black IIUIs and adjoining regions in South Dakota 
and Wyoming: U. S. QeoL Surrey O^g^enty-flrst Ann. Bept, pt 4, pp. 480-599, 1901; 
Jaggar T. A., Jr., The laccoliths of the Black Hills : U. S. Geol. Survey Twenty-first Ann. 
Bept., pt. 3, pp. 163-303, 1901 ; Darton, N. H., U. S. Geol. Survey Geol. Atlas, Oelrichs 
folio (No. 85), 1902; Darton, N. H., idem, Newcastle folio (No. 107), 1904; Darton, 
N. H., and Smith, W. S. T., idem, Bdgemont folio (No. 108), 1904; Darton, N. H., idem, 
Sundance folio (No. 127), 1905; Darton, N. H., and 0*Harra, C. C, idem, Aladdin folio 
(No. 128), 1905; Darton, N. H., and O'Harra, C. C, Idem, DevUs Tower folio (No. 
150), 1907; Darton, N. H., and 0*Harra, C. C, idem. Belle Fourche folio (No. 164) 
1009; Darton, N. H., Geology and underground waters of South Dakota: U. S. Geol. 
Surrey Water-Supply Paper 227, 1909. 
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8 ARTESIAN WATERS IN VICINITY OF BLACK HILLS, S. DAK. 

Plains a mass of pre-Cambrian crystalline rocks, about which is 
upturned a nearly complete sequence of sedimentary formations 
that range in age from late Cambrian to late Cretaceous and that 
dip away from the central nucleus. It is also partly encircled by 
extensive overlaps of the Tertiary deposits, which constitute the 
surface of much of the adjoining plains. 

The region affords great opportunity for the study of stratigraphic 
relations and variations. Many of the rocks are hard, and they are 
extensively exhibited in the walls of canyons and gorges cut by 
streams that flow from the central hills. The structure along the 
sides of the uplift is that of a monocline dipping toward the plains. 
The oldest sedimentary rocks constitute an escarpment facing the 
crystalline-rock area, and each stratum passes beneath a younger in 
regular succession outward toward the margin of the uplift. (See 
PI. X, p. 26.) The sedimentary members consist of thick sheets of 
sandstone, limestone, and shale, all of which (except the overlapping 
Tertiary deposits, which extend across the edges of the older forma- 
tions) are essentially conformable. The stratigraphy is in many 
respects similar to that in the Rocky Mountains of Colorado and of 
Wyoming, but it possesses numerous distinctive local features. The 
Silurian and Devonian and parts of the Cambrian, Ordovician, Car- 
boniferous, Triassic, Jurassic, and Tertiary are absent. The foUow- 
iug formations are exposed : 
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GEOLOGY OF THE REGION. 9 

Generalized geologic section in the Black Hill8 region in Bouth Dakota. 



Age. 


Fonnatlon. 


Character. 


Ordinary 
ness. 


Tertiary 


OUgooene 


White River group: 
Bijuleolay 

Ctaadron for- 
mation. 


Light^lored clay, fuller'searth, 
and sand. 

Sand, clay, sandstone, conglom- 
erate, and limestone. 


Feet 






200 
100 




U pperCretaoeoua. 


Pierre shale 

Niobrara forma- 
tion. 
Carlile shale 

areenhom lime- 
stone. 
Graneros shale 

Dakota sandstone . 


Dark-gray shale 


1,200 
175-225 

500-600 

65 

90&-l,160 

20-200 


Cretaceous 


Chalk and calcareous shale 

Gray shales with thin sandstones, 

limestones, and concretions. 
Impure slabby limestone 

Dark shale with some lenses of 
massive sandstone in its lower 

MimaivA hiifF sandstone 








» 
Lower Cretaceous. 


Foson shale 

Minnewaste lime- 
stone. 
Lakota sandstone . 


Massive shales, white to purple, 
and very fine grained sand- 
stone. 

Gray limestone 


a(m50 

0-30 




Massive buff sandstone, with 


100-300 


Cretaceous (?) 


Morrison shale.... 


Massive shale, gray, greenish, 
and maroon. 


0-150 






Upper Jurassic 


Unkpapa sand- 
stone. 

Sundance forma- 
tion. 


Massive fine sandstone, white, 
purple, red, and buff. 

Dark-gray shales and buff sand- 
stones. 


0-226 




100-300 


Triasslc(?) 


Spearflsh forma- 


Red sandy shale with gypsum 
beds. 


560-605 




tion. 






Permian (?) 


Minnekahta lime- 
stone. 
Opeohe forma- 


Thin*bedded gray limestone 

Redslabbysandstone and sandy 
shale. 


30-50 
75-180 


CsfbonifBraas 


Pennsylvanian 


stone. 


Sandstones, locally buff and red, 
in greater part calcareous; 
some thin limestoneincluded; 
red shale at base. 


400-500 




Mississippian 


Pahasapa lime- 
stone. 

Englewood lime- 
stone. 


• 
Massive gray limestone. . 


300-600 






30-60 








Ordovldan 


Whitewood lime- 
stone. 


Massive buff limestone 


0-«0 








Cambrian 


Deadwood forma- 
tion. 


ite, locallv conglomeratic, 
partly massive; much greenish- 
gray shale and limestone brec- 
cia in middle in northern hills. 


50-450 
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10 ABTE8UN WATEBS IN VICINITY OF BULCK HILLS, S. DAK. 

THE FOBMATIONS. 
DEADWOOD FORMATION. 

The Deadwood sandstone encircles the Black Hills uplift and un- 
derlies a wide adjoining region but has been removed from the cen- 
tral area by erosion. The strata lie unconf ormably on the upturned 
edges of the pre-Cambrian schists, grits, and granites, on a surface 
that is relatively smooth except for shallow local channels- The 
formation is thick in the northern hills, attaining more than 400 feet 
in the Deadwood region, but it thins gradually to the south and 
especially to the southeast. For a short distance in the region west 
of Fairburn it consists of onjy 4 feet of coarse sandstone, but near 
Pringle and Wind Cave it is 50 to 60 feet thick. On Lightning Creek, 
west of Hill City and Custer, near Otis, and on Spring and French 
creeks it averages 100 feet. On Bapid and Squaw creeks it aver- 
ages about 200 feet; on Elk and little Elk creeks 250 feet; and near 
Galena and in Spearfish Canyon 450 feet. 

The materials are predominantly sandy and the color dark reddish 
brown or dirty buff. The basal member is ordinarily a hard massive 
reddish-brown sandstone or quartzite that contains pebbly layers. 
To the north, where the formation thickens, this member is overlain 
by thinner-bedded softer sandstones, in some places interbedded with 
more or less shale. Portions of the basal Deadwood beds are con- 
glomeratic, ranging from those with a sprinkling of quartz pebbles 
in the sandstone to a very coarse heavy conglomerate made up of 
large rounded masses of crystalline rocks and vein quartz in a red- 
brown matrix. 

Outcrops of the Deadwood sandstone range from a few rods to 
several miles in width but are generally narrow. For many miles 
they lie in the slope below the high escarpments of the Pahasapa 
limestone, where in places, particularly on the west side of the up- 
lift, they are deeply buried under talus from the cliffs above. On the 
east side, where the dip is steeper, the hard quartzitic basal member 
forms prominent knobs or long bare rocky slopes. The many can- 
yons cutting back into the western escarpment and those crossing 
the ridges on the east side of the uplift afford excellent exposures. 

In the region about Deadwood and in a large part of the northern 
hills the formation comprises 1 to 30 feet of basal conglomerate, over- 
lain by 30 feet of sandstone, in turn overlain by 200 to 300 feet of 
gray shales that carry layers of flaggy limestone, limestone con- 
glomerate, and sandstone. Near the top is a very characteristic mem- 
ber of hard, massive sandstone 5 to 22 feet thick (see Pis. II and III), 
overlain by 20 to 46 feet of green shales. The limestone conglomerate 
layers consist of flat pebbles and flakes of limestone more or less 
thickly sprinkled with grains of glauconite. 
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A, UPPER SANDSTONE OF DEADWOOD FORMATION IN NORTHERN PART OF 
DEADWOOD. S. DAK., LOOKING NORTHEAST. 



UPPER BED OF MINNELUSA SANDSTONE, BEAR "BUTTE CANYON. WEST OF 
STURGIS, S. DAK., LOOKING NORTH. 
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GEOLOGY OF THE BEGIOK. 11 

WHITEWOOD LIMESTONE. 

The Whitewood limestone is conspicuous in the northern Black 
Hills, particularly in Spearfish Canyon and about Deadwood, where 
it attains a thickness of 60 to 80 feet and crops out extensively in a 
number of canyons, a typical exposure appearing in Whitewood 
Canyon below Deadwood. It thins to the southeast and southwest 
and finally disappears west of Piedmont. The rock is a massive * 
tough limestone of buff color with brownish spots or mottling^. 

ENGLEWOOD LIMESTONE. 

The Englewood limestone consists of 30 to 60 feet of thin-bedded 
pale pinkish-buff limestones, which appear to extend continuously 
around the Black Hills, outcropping in the lower slopes of the lime- 
Stone escarpment and in canyons, everywhere immediately beneath 
the Pahasapa limestone. It merges rather abruptly into the over- 
lying Pahasapa, here and there with a few feet of impure buff lime- 
stone intervening. Generally it is sharply separated from the Dead- 
wood formation or the Whitewood limestone by an abrupt change in 
the nature of the materials. It is usually fossiliferous, containing 
numerous corals and shells of earlier Mississippian age. 

PAHASAPA LIMESTONE. 

ThQ Pahasapa limestone is conspicuous in the Black Hills uplift, 
constituting, much of the high, wide plateau west of the central 
crystalline rocks and being characteristically exhibited in the great 
lines of cliffs in the escarpment surrounding that region. It is a 
thick, massive gray limestone, usually outcropping either in pre- 
cipitous cliffs, with many picturesque irregularities of form or in 
wide, flat surfaces. The formation has no noteworthy divisions, but 
in many places its upper part is siliceous and flinty and more or less 
stained red by the overlying basal red shale of the Minnelusa. 

The most extensive exposures of the Pahasapa limestone are in the 
wide, high plateau west of Custer. Here the formation begins in a 
line of high cliffs surmounting slopes of crystalline schists and of 
relatively thinner sheets of Englewood limestone and Deadwood 
sandstone. In Pennington County the plateau shows a width of 10 
miles of continuous limestone outcrop, constituting the most elevated 
area in the Black Hills, except the small summit of Harney Peak. 
To the west the limestone passes beneath the Minnelusa sandstone, 
but it is exposed again in the arch of the steep anticline near the 
Wyoming-South Dakota line. East of the area of crystalline rocks 
the limestone forms many conspicuous knobs or lies on the eastern 
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12 ABTESIAN WATERS IN VICINITY OF BLACK HILLS, S. DAK. 

slopes of ridges formed by the quartzite of the Deadwood formation, 
but it does not attain the hig^ altitude which it has farther west. 
To the east the steeper dip carries the formation below the surface 
within a short distance, but it constitutes the walls of many of the 
canyons from Beaver Creek northward, notably the deep canyon of 
Spearfish Creek. In it are some extensive caverns, including Wind 
Cave, Jewel Cave, Crystal Cave, and Onyx Cave. 

The thickness of the Pahasapa limestone in the central and south- 
ern Black Hills ranges from about 550 feet at the northwest to 300 
feet at the east and southeast. Along the southeast side of the 
hills it measures 300 feet, with slight local variations; it increases 
to 550 feet or more on Elk Creek and to 600 feet on Bear Butte 
Creek; and it ranges from 300 to 400 feet in the Deadwood region. 
In Spearfish Canyon it is 630 feet, at Crow Peak 550 feet, and in 
the plateau northwest of Custer and Hill City, 500 feet. Fossils 
indicating lower Mississippian age occur sparingly in the formation. 

MINNELUSA SANDSTONE. 

The Minnelusa sandstone extends around the Black Hills uplift 
in a broad zone of conspicuous exposures. The rocks are mainly 
thick masses of buflP and reddish sandstones, mostly fine grained and 
massively bedded, which are striking features in the walls of many 
canyons. In their unweathered condition they contain considerable 
carbonate of lime. Thin sheets of limestone and of red and gray 
sandy shales occur in places. At the base is a red shale that con- 
tains thin beds of limestone. The formation is thickest on the west 
side of the uplift, where it attains 500 feet. It thins gradually to 
the south and east, being 405 feet thick south of Spearfish, 450 feet 
on Whitewood and Bear Butte creeks, 500 feet on Elk and Boxelder 
creeks, 400 feet on Rapid Creek, 460 feet on Spring Creek, and 
about 420 feet west of Hot Springs. 

The Minnelusa sandstone does not give rise to very large topo- 
graphic features but generally occupies extensive elevated slopes 
surmounted by low hills and ridges formed by its harder layers. 

Breccias characterize its middle beds throughout the southern 
Black Hills. The brecciated material is usually somewhat more 
calcareous than the matrix, but it is all of local origin. In the 
region west of Hermosa and thence northward the Minnelusa con- 
sists of a thick coffee-colored sandstone (see PI. II, 5), underlain by 
a reddish-buff sandstone with some thin interbedded limestone lay- 
ers, and this in turn by a basal member of gray sandstone, which 
lies on red shale that contains thin layers of limestone. 
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GEOLOGY OF THE REGION. 13 

A few fossils found in the upper beds west of Hot Springs ap- 
pear to indicate that the formation is of Pennsylvanian (upper Car- 
boniferous) age. 

OPECHE FORMATION. 

The red beds of the Opeche formation, which lies between the 
Minnelusa sandstone and the Minnekahta limestone, crop out con- 
tinuously around the Black Hills, mostly in the slopes below the es- 
carpments of Minnekahta limestone, with an' average thickness of 
somewhat less than 100 feet. The materials are soft red sandstone 
and sandy shale, mainly thin bedded and containing variable amounts 
of clay admixture. The top of the formation, for the first few feet 
below the Minnekahta limestone, consists of shale, which is invari- 
ably deep purple. The basal beds of the formation usually consist 
of red sandstone in beds 4 to 15 inches thick. 

On Spring, Battle, and French creeks the formation averages 
about 100 feet in thickness, and in Beaver Canyon it attains its maxi- 
mum thickness of 140 feet. On Cold Brook, 4 miles northwest of 
Hot Springs, where it is 116 feet thick, it consists of the customary 
purple clay at the top, 50 feet of red sandy clay next below, and 60 
feet of red sandstone at the bottom, in beds 1 to 4 feet thick with red- 
clay partings. Farther down Cold Brook, at a point li miles from 
Hot Springs, a thickness of 135 feet is exhibited. On Rapid and Elk 
creeks it is 90 feet thick. Along the southwest side of the Black 
Hills the thickness averages from 70 to 90 feet, and on the northern 
slopes it is about 75 feet. 

The age of the formation has not been definitely determined, for 
so far it has yielded no fossils. It has been assumed to be Permian. 

MINNEKAHTA LIMESTONE.- 

The Minnekahta limestone, Icmg known as the " Purple limestone,*' 
is prominent in the Black Hills region. Though thin, averaging 
less than 50 feet, it is hard and covers moderately extensive areas 
on the outer slopes of the Minnelusa sandstone outcrop zone. The 
prominence of the Minnekahta limestone outcrop is due largely to 
the deep erosion of the soft red shale of the overlying Spearfish for- 
mation, which has left the limestone bare on slopes up which the red 
shale originally extended. As the underlying Opeche formation is 
also soft, the limestone nearly everywhere presents an escarpment, 
and the many canyons which are cut through it have vertical lime- 
stone walls. (See PI. IV.) Its thickness is 45 feet on Rapid Creek, 
40 feet on Elk, Bear Butte, and Battle creeks, and SO feet on White- 
wood, Spring, and Spearfish creeks. 
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14 ARTESIAN WATERS IN VICINITY OF BLACK HILLS, S. DAK. 

The formation is uniform in character throughout, being a thin- 
bedded light-colored limestone containing magnesia and more or less 
clay. Its thin bedding is characteristic, although the thin layers are 
so cemented together that the outcropping ledges present a massive 
appearance. On weathering, however, it breaks into slabs, most of 
which are 2 to 3 inches thick. In general it is slightly pinkisdi, with 
a tinge of purple, from which the term "Purple limestone'' origi- 
nated. The Minnekahta limestone contains some fossils which are 
regarded as of probable Permian age, though they may be Triassic. 

BPEARFISH FORMATION. 

The Spearfish formation is a conspicuous series of red beds with 
gypsum deposits that encircles the Black Hills, in most places giving 
rise to the wide Bed Valley. This valley is treeless and for the most 
part consists of broad, bare red slopes and red buttes, with numerous 
outcrops of gypsum. 

The formation consists of 560 to 695 feet of red sandy shale, with 
intercalated beds of gypsum in places 80 feet thick. The bright red 
of the shale and the snowy whiteness of the gypsum are striking 
features. Were it not for the beds of gypsum the formation would 
present no noticeable features of stratigraphy. The red shale con- 
tains different amounts of sand in different localities, and include 
some soft, thin-bedded red sandstones. The gypsum occurs in beds, 
some of which extend continuously over wide areas. More or less 
gypsum of secondary deposition, in very small veins, is scattered 
through the formation. 

The continuity of the outcrops of the red beds is considerably 
broken in the region west of Fairburn and Hermosa by overlaps of 
the White River deposits, which in some places completely £Q1 the 
Hed Valley. The width of the outcrop is 1 to 3 miles and attains a 
maximum in the region west of Buffalo Gap and in the broad belt 
extending from Minnekahta station nearly to the north end of Elk 
Mountain. Owing to the local steep dip of the formation, the out- 
crop is very narrow for 5 miles north from Cascade Springs. 

The thickness of the Spearfish formation can in few places be 
determined with any degree of accuracy, owing to the softness of its 
materials and the numerous variations in its dip. In the deep well 
at Fort Meade the formation is 695 feet thick and in the Edgemont 
wells about 600 feet. Along the east side of the Black Hills it 
appears to be 550 to 600 feet thick, so far as can be estimated from 
very indefinite observations of dip. In this region the principal bed 
of gypsum occurs about 100 feet above the base of the formation. 
West of Hermosa this gypsum bed has a thickness of about 15 feet, 
but toward the south, iQ the region west of Fairburn, it thins out and 
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A. EXPOSURE 6 MILES NORTH OF MINNEKAHTA, S. DAK. 



B. EXPOSURE 7 MILES SOUTH OF HOT SPRINGS, S. DAK. 

BASAL SANDSTONE OF SUNDANCE FORMATION. 
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may at some points be absent. Near Spearfish and Stnrgis a thick 
bed of gypsum lies near the top of the formation and a thinner bed 
about 120 feet alcove the base- West of Buffalo Gap the gypsum 
deposits increase in thickness, and they attain a maximum at Hot 
Springs, where the principal beds have a thickness of 33 J feet, with a 
10-foot parting of red shale between them. In the wide part of Eed 
Valley, extending southward from Hot Springs to Sheps Canyon, 
gypsum beds are conspicuous, but they gradually diminish in thick- 
ness in that direction. 

At Cascade Springs and thence northward on the west side of the 
anticline the dips are very steep, and the outcrop of the Spearfish 
formation becomes so narrow that the Red Valley is only a few rods 
in width from the springs northward nearly to the railroad. Here 
a measurement was made of the beds from the steep slopes of the 
Minnekahta limestone to the basal sandstone bed of the Sundance 
formation, 420 feet in all, but doubtless the strata are considerably 
squeezed in a steep fold of this sort. At the base of the Spearfish 
formation in this section is 150 feet of red s&ndy shales, above which 
is a bed of gypsum in places 20 feet in thickness, overlain by 250 feet 
of red sandy shales, with a few thin layers of gypsum. 

Throughout the Black Hills the formation is distinctly separated 
from the underlying Minnekahta limestone and the overlying shales 
or red sandstone of the Sundance formation. It has been regarded 
as probably Triassic in age, because it lies unconformably beneath 
marine Jurassic deposits and is underlain by the Minnekahta lime- 
stone of supposed Permian age, but as yet it has yielded no deter- 
minable fossils. 

SUNDANCE FORMATION. 

The outcrop of the Sundance formation extends continuously 
around the Black Hills uplift, mainly along the outer slope of the 
Bed Valley, or the lower, inner slope of the hogback ridge. The 
formation comprises 225 to 300 feet of shales and sandstones, in a 
series that differs but little in sequence in different portions of the 
region. The succession includes 50 to 60 feet of lower dark shale, 
30 feet of massive buff ripple-marked sandstone, 80 feet of reddish 
sandy shale, and at the top 100 to 200 feet of green shale that contains 
thin fossiliferous limestone layers. Some local variation occurs, 
especially in the massive red or buff basal sandstone, which in many 
places attains a thickness of 25 feet and lies on the somewhat irregular 
surface of the red shale of the Spearfish formation. (See PI. V.) 
West of Fairburn the formation thins to less than 100 feet for a short 
distance. The abundant marine fossils are of later Jurassic age. 
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UNKPAPA SANDSTONE. 

The Unkpapa sandstone, the next overlying formation, is everywhere 
clearly separable both from the Sundance formati6n below and the 
Morrison shale or the Lakota sandstone above. It is a very massive 
fine-grained sandstone, which ranges in color from white to purple 
and buff. Its greatest development is in the hogback ridge east of Hot 
Springs. Its first outcrops to the south are observed about Cascade 
Springs, from which it extends continuously past Hot Springs, along 
the east side of the Black Hills. It is thickest in Sheps Canyon, 
southeast of Hot Springs, where 225 feet was measured. From Buf- 
falo Gap to French Creek it ranges from 125 to 150 feet, except near 
Dry Creek, where it is only 90 feet. From Spring Creek nearly to 
Rapid City it is 40 to 60 feet. At Rapid City it is 125 feet and north 
of Rapid City 140 feet, but it thins north of Blackhawk and is 40 
feet near Piedmont and Tilford. From Sturgis north it is very thin 
and inconspicuous. 

The coloring of some of the exposures east of Hot Springs is very 
striking, the rocks being brilliant in pink, purple, and pure white. 
(See PI. VI.) Near Buffalo Gap, where the rock has been quarried 
to some extent for building stone, portions of it are beautifully banded 
in different colors, in part along the stratification planes but in 
places diagonal to them. In the quarry west of Buffalo Gap these 
banded beds exhibit most instructive minute faulting, affording fine 
illustrations of block-fault phenomena. Contacts with the over- 
lying buff Lakota sandstone are exposed at many points and are 
marked by considerable erosional unconformity. 

MORRISON SHALE. 

The outcrop of the Morrison shale extends along the upper and 
inner slopes of the hogback ridge, but is absent in the southeastern 
part of the uplift, from the vicinity of Hermosa to a point southwest 
of Hot Springs. Elsewhere the formation is generally from 75 to 
150 feet thick and lies between the Unkpapa sandstone, or Sundance 
formation, and the Lakota sandstone. The maximum thickness ob- 
served was 220 feet in slopes 2 miles north of Piedmont. It ranges 
from 75 to 100 feet between Sturgis and Spearfish. The formation 
is composed mainly of "joint clay" or massive shale, somewhat 
darker and more fissile to the east than to the north and west. The 
predominating color is a very pale greenish gray, merging into 
chocolate and maroon. Thin beds of fine-grained white or light-gray 
sandstone and some thin local layers of impure limestone are in- 
cluded. A few fresh-water shells were observed, and there is an 
almost general occurrence of dinosaur bones, which are classed as 
Jurassic bv some paleontologists and as early Cretaceous by others. 
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iiAKOTA SANDSTONE. 

The Lakota sandstone constitutes the crest and upper slopes of the 
hogback ridge that forms the outer encircling rim of the Black Hills. 
Its beds are hard, coarse grained, cross-bedded, and massive, with 
partings of shale of no great thickness. Local deposits of coal occur 
in its base about Cambria, on Hay Creek, and east of Edgemont. In 
the central and southern Black Hills the thickness is usually 200 to 
300 feet, though it differs locally ; to the north it averages about 100 
feet Its maximum is about 480 feet in Fuson Gap. On French, 
Dry, and Squaw creeks it is about 300 feet, and in Elk Mountain and 
on Pass Creek 200 feet. The Lakota lies on the Morrison shale, 
except in the region from Hermosa to a point beyond Hot Springs, 
where it overlaps unconf ormably on the IJnkpapa sandstone. 

The Lakota sandstone shows numerous local variations in the thick- 
ness of the beds and in the occurrence of intercalated shales. In the 
canyon of Fall River, where the formation is 225 to 250 feet thick, the 
sandstones are very massive and are separated by several beds of 
greenish-gray shale 15 to 20 feet thick. (See PI. VIL) The upper- 
most member, a dull-yellow sandstone, is overlkin by the Minnewaste 
limestone in the region east of Hot Springs. The lower beds are 
conglomeratic at most localities. 

Except petrified wood, which is abundant, few fossils have been 
found in the Lakota sandstone. A few bones of a stegosaur were 
obtained near Buffalo Gap; and remains of isopods, Eatheria^ fish, 
and crocodile were found 3 miles north of Piedmont. Plants of Lower 
Cretaceous age occur east of Hot Springs and in the Hay Creek 
region, and pine needles are abundant in some of the coaly layers. 
Cycads are found in places, notably in the slopes southwest of Minne- 
kahta and near Blackhawk. 

MINNEWASTE LIMESTONE. 

The Minnewaste limestone, a nearly pure light-gray limestone of 
uniform character throughout, overlies the Lakota sandstone from 
the vicinity of Cascade Springs northward to Buffalo Gap. For the 
greater part of its course it is only 25 feet thick, but it is conspicuous 
on the hogback ridges east of Hot Springs, extending far up some of 
the higher slopes. One of the most extensive exposures is on Chey- 
enne Eiver 8 miles southeast of Hot Springs, where the water falls 
over a ledge of it about 20 feet high. Widespread outcrops may be 
seen in the anticline 2 miles east of Hot Springs, where the strata 
dips steeply to the west. It thins out rapidly north of Buffalo Gap 
and appears to be entirely absent in the canyon of Fuson Creek. It 
is thin at Cascade Springs and disappears a short distance to the west. 
45726*— 18— wsp 428 2 
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An extended search has failed to detect any fossils in it, but it is of 
Lower Cretaceous age^ as it lies below the Fuson shale. 

FUSON SHALE. 

The Fuson shale consists of fine-grained deposits lying between the 
Dakota and the Lakota sandstones and encircling the Black Hills. 
Its average thickness is about 65 feet, but it varies considerably and in 
general is thickest in the northern hills, although it is nearly 150 feet 
thick in Buffalo Gap. It is 100 feet thick southeast of Cascade 
Springs, but it thins westward to 30 to 60 feet and measures less 
than 50 feet in the Pass Creek region. It consists principally of a 
mixture of clay and fine sand and partly of tire clay, as a rule 
massively bedded. Some beds of sandstone are locally included. Its 
predominant color is white or gray, but in many places buff, purple, 
and maroon tints are conspicuous. 

As the formation is relatively soft compared with adjoining sand- 
stones, it usually forms a depression between a low crest of Dakota 
sandstone on the one hand and the higher summits of the Lakota 
sandstone on the other. Locally it is covered by talus from the sand- 
stone cliffs above. One of its most extensive exposures is at the falls 
of Cheyenne River, where the section is as follows: 

Section of Fuson shale at falls of Cheyenne River, south of Hot Springs, 

Dakota sandstone. Feet. 

Dark sandy shale 4 

Soft gray slabby sandstone; plant-. 6 

Compact white mudstone 8 

Dark-greeji clay 1 

Dark-gray compact mudstone 25 

Very compact white mudstone 2\ 

Gray mudstone 6 

Harder white mudstone 9 

Purplish shale 1 

White fine-grained sandstone 5-12 

Purple shale 6-8 

Light-buff massive sandstone 25 

Dark-buff coarser sandstone, much honeycombed by weath- 
ering 25 

The formation is considerably obscured by talus along the canyon 
of Fall Eiver but outcrops extensively in the side canyons, notably 
in one on the steep side of the anticline 2 miles due east of Hot 
Springs, where much of the material is bright purple and strongly 
resembles a shale that has been subjected to heat. Fuson Canyon 
affords some striking exposures of a portion of the formation in 
cliffs capped by Dakota sandstone. The uppermost bed is a mod- 
erately hard sandstone underlain by 10 feet of purplish-gray shales. 
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10 feet of white mudstone, and 20 feet of bright-purple shale. On 
Dry Creek the formation is represented by 50 feet of white massive 
shale. On Squaw Creek the Lakota sandstone is overlain by about 
50 feet of buff and purple shale, grading upward to the Dakota 
sandstone through several feet of shale and thin saivdstone. North- 
west of Hermosa shales of bright color prevail, much of the material 
being purple. Near Rapid City the formation is 100 feet thick, and 
near Sturgis 65 feet, but a few miles north of Sturgis it thickens to 
100 feet or more and consists of white sandy beds of considerable 
hardness. On the south and north sides of the hills the formation 
is at many places mixed with considerable sand and sandstone. In 
the Hay Creek region it has yielded large numbers of fossil plants 
of Lower Cretaceous age. 

DAKOTA SANDSTONE. 

The formation here designated the Dakota sandstone is the upper- 
most member of the tripartite series formerly designated "Dakota 
sandstone" in the Black Hills region. It extends continuously 
around the uplift, but being rarely more than 100 feet thick it con- 
stitutes only a small part of the hogback ridge. Nevertheless it is 
conspicuous, because the foothills to which it usually gives rise 
slope steeply out of the adjoining valley or level plain formed by 
the Graneros shale. It consists mostly of gray sandstone, weathering 
brown, which is hard and massive below but thinner bedded above. 
South of Fairbum it is 150 to 200 feet thick and at Buffalo Gap 200 
feet. (See PL VIII.) North of Edgemont it is in few places 
more than 150 feet thick. From Squaw Creek northward the sand- 
stone thins to less than 50 feet at most places, and locally, south of 
Fort Meade, to less than 20 feet. Near Whitewood it is 50 to 60 
feet thick and on Pass Creek 150 feet thick. The fossil impressions 
of dicotyledonous leaves obtained from it are regarded as Upper 
Cretaceous in age. 

GKANEROS SHALE. 

The Graneros shale, the lowest formation of the Colorado group of 
early Benton age, extends entirely around the Black Hills uplift 
and is marked by lowlands and valleys. It consists of dark fissile 
shale 900 to 1,150 feet thick, the maximiun being north of Belle 
Fourche and east of Sturgis. From Edgemont to Rapid City the 
average thickness is 900 feet. 

In some areas the formation contains, toward its base, a thin layer 
of hard sandstone, which rises in a ridge of considerable prominence 
near Rapid City, Hermosa, Newcastle, and Belle Fourche. It occurs 
locally, but apparently at the same horizon, 150 to 300 feet above 
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the Dakota sandstone. Its maximum thickness is about 80 feet. At 
Hermosa, where it is traceable for 4 to 5 miles, it is about 200 feet 
above the base of the formation and attains a thickness of 15 feet 
At Rapid City and southeast of Sturgis it is again conspicuous 275 
feet above the base of the formation. Near Belle Fourche it is thin, 
soft, and in places absent. 

Next above this sandstone horizon is a series of hard gray shales 
known as the Mowry shale member. It is 160 to 200 feet thick and 
owing to its hardness gives rise to ridges of moderate prominence, 
many of which bear scattered pine trees. The shales of this member 
contain large numbers of fish scales and weather to a light silvery 
color, both characteristic features. 

GREENHORN LIMESTONE. 

One of the most prominent features in the plains immediately ad- 
joining the Black Hills is a low but distinct ridge or escarpment, 
which is due to a hard limestone bed in the middle of shales of Benton 
age. It usually lies 1 to 4 miles from the hogback ridge of the Dakota 
sandstone and faces toward the hills. It is thih but persistent and is 
characterized by many impressions of Inoceramus labiatus^ a fossil 
of rare occurrence in the adjoining formations. 

The Greenhorn limestone contains a considerable amount of clay 
and fine sand. It gains hardness on weathering, for in the outcrops 
it breaks into hard, thin, pale-buff slabs covered with impressions of 
the distinctive fossil. Its thickness averages about 65 feet. At its 
base it is usually distinctly separated from the dark Graneros shale 
by abrupt change in material (see PL IX) ; and in its upper portion 
it appears to grade into the Carlile shale through 6 or 8 feet of 
passage beds. 

The most extensive exposures of the Greenhorn limestone are in the 
prominent escarpments which rise high above the slopes west and 
northwest of Edgemont along the south side of Cheyenne Eiver. 
Owing to the low dip the limestone is spread out in plateaus which 
extend for some distance back from the edge of the escarpment. In 
the region about Fairburn the formation is traversed by a S3aicline, 
which spreads it out into a bifurcated ridge south of the town. On 
the adjoining divides, notably in those between French Creek and 
Battle Creek and between Battle Creek and Spring Creek, the forma- 
tion is buried beneath the overlapping White River deposits. It is 
well exposed in the banks of Battle Creek 1^ miles below Hermosa, 
where, in its only slightly weathered condition in the fresh stream 
cut, it is seen to be a hard calcareous light-gray shale filled with 
Inoceramus. East of Sturgis it constitutes a ridge extending to Bear 
Butte. In the northern Black Hills it is conspicuous about Belle 
Fourche, notably in a prominent butte known as Susie Peak. 
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CARULE SHALE. 

The Carlile shale, the uppermost formation of Benton age, consists 
of dark fissile shale that contains concretions, thin sandstones, and 
impure limestone layers lying between the Oreenhom limestone and 
the Niobrara formation. Near the top of the formation numerous 
oval concretions contain Prionotropis^ Prionocyclus^ and other fossils. 
The thickness ranges from 500 to 600 feet, except in the region north 
of Belle Fourche, where it is locally slightly more than 760 feet. 
Some typical sections follow : 

Section of Carlile shale near Buffalo Oap, 

Niobrara formation. Feet 

Shales, with large buff concretions 150 

Hard, slabby sandstone i 2 

Gray shale 130 

Thin coarse sandstone 4 

Gray shale 75 

CJoucretlons In gray shale 2 

Gray shale 40 

Calcareous sandstone with Ostrea and other fossils 4 

Shale and talus ^ 180 

Greenhorn limestone. 

Section of Carlile shale li miles southeast of the falls of Cheyenne River. 

Niobrara formation. Feet. 

Gray shale, with large buff concretions 50 

Gray shale ; ^- 70 

Light-gray sandstone 4 

Dark-gray shale, with thin sandy layers 160 

Sandstone — 2 

Gray shales 150 

Greenhorn limestone. 

NIOBRARA FORMATION. 

The calcareous deposits of the Niobrara formation completely en- 
circle the Black HUls, presenting distinctive features throughout. 
The material is a soft shaly limestone or impure chalk, containing 
greater or less admixture of clay and fine sand. In unweathered 
exposures it is generally light gray, but its weathered outcrops have 
a bright-yellow color which usually renders them conspicuous, 
although, owing to the softness of the materials, they form few notice- 
able ridges. The thickness of the formation is about 225 feet in the 
central and southern Black Hills and 150 to 200 feet on the northern 
slopes. At many places it includes thin hard layers of shells of 
Oatrea congestOy a fossil distinctive of the formation. ' A few hun- 
dred feet of dark overlying shales may also belong to this formation. 
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FIEBBE SHAIJS. 

Many thoasand square miles of the country adjoining the Black 
Hills are occupied by the Pierre shale, a thick mass of dark shale, 
weathering light brown and relatively imiform in composition 
throughout. It gives rise to a dreary monotony of low rounded hills, 
sparsely covered with grass and not very well adapted to agriculture. 
The thickness of the formation, so far as it can be ascertained,. is 
1,200 feet, but owing to the gentleness of the dip it can be measured 
at only a few places. Fortunately it has been found that the forma- 
tion includes, about 1,000 feet above its base, scattered lenses of lime- 
stone containing numerous shells of Lucirut ocoidentalts. Most of 
these lenses occur at a definite horizon, and in places, where they 
occupy the surface over a wide area, they indicate the attitude of 
the formation and permit estimates to be made as to the depth of 
the Dakota sandstone in the shale region adjoining the Black Hills. 

The limestone concretions carryiag Liicina range from 2 to 20 
feet in diameter and from 6 to 8 feet in thickness and are commonly 
of irregular lens shape. Owing to their hardness these lenses, when 
uncovered by erosion, give rise to low conical buttes resembling very 
squat tepees (see PL XI), and accordingly they have been designated 
^ tepee buttes," a term used for similar forms in the Pierre shale of 
southeastern Colorado. Large numbers of them rise 10 to 150 feet 
above the surrounding slopes in the vicinity of Oelrichs, east of 
Hermosa and Sturgis, and in the Willow Creek valley east and 
north of Newell. Horizontally the lenses occur at irregular in- 
tervals, so that the buttes are scattered very irregularly and some of 
them are separated by many miles. 

Numerous concretions occur in the Pierre shale at various hori- 
zons and- usually contain many distinctive fossils. Baeidites comr 
pressiBBj Inocercomus sagensia^ Ncsatil'us dekayi^ Placenticeras plor 
cerUdj and Heteroceras nebrascemis are the more abundant, and 
Lucina ooddentdlia is found here and there. The most f ossilif erous 
beds are in the upper part of the formation. The concretions are 
generally small and calcareous and break into brown pyramidal frag- 
ments which are scattered more or less thickly all over the Pierre 
surfaces. 

In the southern part of the Black Hills region a very distinctive 
series of black splintery, fissile shales, containing three beds of con- 
cretions but no fossils, lies at the base of the formation. These 
shales have been mapped with the Pierre but may be Niobrara. They 
are about 150 feet thick in the Edgemont-Oelrichs region, where they 
give rise to a steep slope, in places rising conspicuously above the 
lowlands in the Niobrara chalk. 
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WHITE RIVER GROUP. 

Extensive areas of clay, sand, and gravel of the White River group 
cover some of the plateaus along the foot of the hogback ridge from 
a point near Kapid City to a point 15 miles southwest of Fairbum, 
and small remnants occur at various other points along the higher 
slopes of the Black Hills, notably at Lead, Maitland, and west of 
Argyle. The deposit forms a thick mantle on the divides between 
Spring and Battle creeks. Battle and French creeks, and French and 
Beaver creeks. Extensive masses occur in the Red Valley south of 
Rapid City and west and southwest of Hermosa, and some of these 
overlap westward through old valleys into the limestones and gran- 
ites. The maximum thickness is 800 feet. 

The formation consists of fuller's earth, sand, limestone, and cal- 
careous grit; and the courses of old channels are marked by coarse 
gravel, in places cemented into hard conglomerate by silica or by 
calcium carbonate. The principal material, especially of the upper 
beds (Brule clay), is a porous crumbling clay, pale flesh color when 
dry but light brown when damp. Some portions are very pale green 
when dry and olive-colored when wet. Much of this fine-grained 
deposit is fuller's earth. These beds form badlands in many places. 
The lower beds (Chadron formation) are mostly coarse and, in the 
vicinity of Hermosa, consist of a coarse sandstone and a dark con- 
glomerate. About Fairbum and to the west there are extensive 
channels filled with conglomerate of limestone pebbles in a limy ma- 
trix. On the higher lands northwest of Hermosa some beds of mas- 
sive limestone are included that are in places 80 feet thick. Coarse 
material of White River age is extensively exposed in railroad cuts 
through the divide south of Fairbum, where the sands are cross- 
bedded. The White River deposits contain many bones of animals 
typical of the Oligocene. 

STBTTCTXTBE. 
GENERAL FEATURES. 

The general monocline formed by the strata dipping away from 
the central area of crystalline rocks of the Black Hills is interrupted 
by several local flexures and by many changes in the rate and direc- 
tion of dip. A few faults exist, and the Bear Butte and other igneous 
masses break and flex the beds. An understanding of the structure 
of the beds is of the greatest importance in considering the under- 
ground-water problems, especially in determining the depth of the 
water-bearing sandstones. The principal structural features affect- 
ing the artesian conditions are shown in seven sections (see PI. X), 
whose location is indicated on the map (PL I, in pocket). 



Digitized by VjOOQIC 



24 ABTESIAN WATERS IN VICINITY OF BLACK HILLS, S. DAK. 

LIMESTONE RIDOE. 

Except in the northern slope of the hills, where many minor flex- 
ures and considerable deformation have been caused by igneous intru- 
sion, the thick sandstones and limestones of the Limestone Ridge dip 
away from the central area in a general monocline. On the west 
slope of the uplift the dips are low and the outcrop areas form a 
broad plateau, which, however, narrows somewhat as the dips 
steepen slightly west and southwest of Pringle (see sections 6 and 
7) and along the east slope from Wind Cave to Bapid City, where 
the dips are 10° to 20®. In places the outcrop zone narrows to a 
steep ridge. (See sections 4, 5, and 6, PL X.) Northwest of Bapid 
City the dips diminish and the limestone plateau widens, but in the 
vicinity of Piedmont and Sturgis the dips along the east slope of the 
limestone belt are steep. A marked local arch in the beds 3 miles 
northwest of Bapid City is shown by the Minnekahta limestone. 

ANTICLINE AND 8YNCLINE OF WHITEWOOD REGION. 

Northwest of Sturgis a prominent arch rises on the limestone dope 
and extends to Crook, beyond which it crosses the Bed Valley apd 
causes a notable projection of the hogback ridge southeast of St. 
Onge. The further extension of this ai*ch northw^.rd is well marked 
in the shale region about Haystack Butte, and in Susie Peak it 
causes a great deflection in the outcrop and ridge of Greenhorn 
limestone. The arch is therefore an important feature of the arte- 
sian problem, lifting the water-bearing sandstones several hundred 
feet in the region east of Belle Fourche. 

West of this anticline is a syncline (see sections 2 and 8, PI. X), 
which holds Spearfish red beds in Boulder Park and down the valley 
to Crook and causes the southward deflection of the Lakota and 
Dakota sandstones in the hogback ridge west of Whitewood. It also 
imderlies the shale valley followed by the railroad at St. Onge and 
extends north a short distance east of Belle Fourche, where the water- 
bearing sandstones descend more than 900 feet below the surface. 

BED VALLEY IN SPEARFISH REGION. 

In Centennial Prairie and the Bed Valley about Spearfish, in a 
very broad area of northerly and northeasterly dips, the strata are 
nearly horizontal in places and rarely show noticeable dip. At Elk- 
horn Peak these beds are sharply arched by a dome bringing up a 
small circular mass of Minnelusa sandstone. 
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BEAR BUTTE, 

Bear Butte, northeast of Sturgis, is due 'to an igneous intrusion 
which has faulted up a large mass of Pahasapa and overlying strata 
on its east and northeast sides and which exposes the red beds of the 
Spearfish formation in a dome on its west slope. The disturbance of 
the beds is very great but relatively local, affecting an area 6 miles 
long from west to east and 3 miles from north to south, on all sides 
of which the usual monoclinal structure continues. 

HOGBACK RIDGE AND RED VALLEY SOUTH OF 8TURGIS. 

From Sturgis for many miles southward the Red Valley and the 
hogback ridge present great uniformity of structure with general 
dip to the east. (See sections 8, 4, 5, and 6, PI. X.) Many variations 
in rate occur from place to place, and northeast of Piedmont and 
southwest of Fairbum there are small branch anticlines in the Dakota 
and associated sandstones. A small anticline in limestone and red beds 
lies northwest of Rapid City (p. 24), and another small anticline 
in the Greenhorn limestone and associated shales lies just south of 
Fairbum. 

Along the hogback ridge the dips are moderately steep, near Sturgis 
12® to 16®, but they diminish to the south and in the shale area to the 
east. On the east slope of Piedmont Butte the Dakota sandstone 
dips 4°, on Elk Creek 8®, and on Rapid Creek 22*^. On the west side 
of the anticline southeast of Piedmont a local dip of 60° is ex- 
hibited. East of Rapid City the Greenhorn limestone dips 10® E., 
a slope considerably steeper than in the region to the north and 
the south. Along the outcrop zone of the Carlile and Niobrara forma- 
tions dips of 2° to 8° are numerous and some of 6® or 6® are found. 

From Spring Creek southward past Hermosa the Red Valley and 
hogback ridge have no notable structural features, the strata dipping 
5°-12® E. in a uniform monocline. On Squaw Creek the Dakota 
sandstone dips 9^° ; 5 miles northwest of Hermosa 10°. On the divide 
south of Spring Creek the Red Valley is filled with White River 
deposits for some distance, and these also partly bury the hogback 
ridge. In the southeast comer of T. 8 S., R. 7 E., 8 miles southeast 
of Hermosa, the Dakota sandstone presents a small syncline and 
anticline in the midst of the White River beds. 

PASS GREEK REGION. 

In the region west of Minnekahta and north of Argentine the 
formations dip southwest at very low angles and are exposed in 
broad outcrops. Near the junction of Hell Canyon and Pasa Creek 
a low irregular dome in the Red Valley widens the outcrop of Spear- 
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fish red shale and gives rise to an outlying ridge of Minnekahta 
limestone. Where the dome is cut through by Tepee and Hell 
canyons the top of the Minnelusa sandstone is revealed. A small 
minor dome brings up the Minnekahta limestone in a small knoll 
just north of the mouth of Hell Canyon. It is due in part to the 
influence of this doming that the hogback ridge has a crescentic 
course on either side of Pass Creek Canyon. On the north side of 
the canyon is Elk Mountain, in which the strata dip 10° to 25° W. 
In the ridge east of the creek the dips are low and give rise to a wide 
southward-sloping plateau of Lakota and Dakota sandstones. 

PLAINS EAST OF THE BLACK HILLS. 

The representation of the structure of the plains east of the Black 
Hills in cross sections 2 to 6 (PI. X) and the determination of the 
depth to the Dakota sandstone as shown on the map (PI. I, in pocket) 
are based largely on the relation and distribution of the Greenhorn 
limestone, Niobrara formation, and the tepee buttes in the Pierre 
shale. It is believed that the principal horizon of the limestone con- 
cretions causing these buttes is about 1,000 feet above the base of the 
Pierre shale. The region is one of low dips, the rate of inclination 
gradually diminishing toward the east. 

In portions of the outcrop zone of the Graneros shale and the 
Greenhorn limestone the strata dip 5° to 10® ; in the Niobrara area 
they rarely dip as much as 5*^; in the area southeast of Hermosa 
they dip less than 2°. In the Pierre area the dip is difficult to de- 
termine in surface outcrops of the shale, but the general structure is 
indicated by the tepee buttes. It is found that the strata are nearly 
horizontal a few miles east of Buffalo Gap and bend into a shallow 
syncline on Cheyenne River about Mohler post office. On Battle 
Creek they slope eastward about 250 feet to the mile, gradually 
steepening to about 400 feet in the region east of Brennan. North- 
ward about Bend post office the dip decreases again to 125 feet to 
the mile. North and northwest of Alkali post office the strata are 
nearly horizontal, but they rise in a long, low anticline along Belle 
Fourche River and probably in a faint anticline northeast of that 
stream. 

UNDERGROUND WATER. 

OENEBAIi CONDITIONS. 

The slopes of the Black Hills and the plains adjoining them are 
underlain by 6,000 feet of sedimentary rocks, including several thick 
beds of water-bearing sandstone which receive their water supplies 
from rainfall on the higher ridges and slopes. The principal beds 
are the Lakota and Dakota sandstones, Minnelusa sandstone, and 
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Deadwood sandstone. These sandstones pass underground in conse- 
quence of the general outward dip on ,the sides of the uplift, and 
therefore in the adjoining plains they are more or less deeply buried 
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FiouUB 1. — Columnar sections of rocks in the Black Hills and vicinity, showing thickness 
of beds, relation of water-bearing aandstones, and color of drillings. 

under a thick body of relatively impermeable shales. The steep dip 
along the foothills (see p. 25) carries them to a considerable depth, 
but in most portions of the foothills and plains one or more of them 
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are within reach of the well borer. As this region is somewhat arid, 
with surface waters inadequate or of bad quality in most localities^ 
there is great need for underground waters. Only a few wells have 
been sunk, but most of these have been so satisfactory that they 
greatly encourage drilling for large water supplies throughout the 
region. The relations of the water-bearing beds in the succession of 
sedimentary rocks in the Black Hills region are shown in figure 1. 
The principal water-bearing sandstones rise to the surface on the 
slopes of the Black Hills in regular order, as shown in the cross 
sections. (See PI. X.) They crop out in wide zones encircling 
the uplift, and receive a large amount of water not only from the 
rainfall on their surface but from streams, which at many localities 
sink into them wholly or in part in crossing their outcrops. This 
sinking is observed in almost every valley leading out of the central 
area. Few of the streams carry into Belle Fourche or Cheyenne 
Biver more than a small portion of the original run-off of their drain- 
age basins, for much of it sinks underground in crossing the Minne- 
lusa, Lakota, and Dakota sandstones. The water thus absorbed by 
the sandstone passes far beneath the surface as the water-bearing 
beds descend the slopes of the uplift. Water also passes underground 
in caves and crevices in the limestone, some of it coming out again 
in springs and some of it sinking into underlying sandstone. (See 
PI. XII, A.) 

Some of the artesian water also leaks to the surface in springs, as 
in the warm springs at Hot Springs, at Cascade Springs (PI. XII, B ) , 
and in the upper part of Buffalo Gup. This warm water comes frcxn 
a considerable depth. 

DEPTHS TO ABTESIAN WATER. 

The depths to the water-bearing sandstones (see map, PI. I, in 
pocket, and sections, PL X) have been ascertained by careful meas- 
urements of the thickness of the several formations at many places 
throughout the Black Hills and adjoining plains. The structure 
and distribution of these formations have been considered in pre- 
paring the underground-water maps of the region. An important 
guide to the structure in part of the plains is furnished by the horizon 
of limestone lenses in the Pierre shale that give rise to tepee buttes. 
(See PI. XI.) The thickness of the beds differs somewhat from place 
to place in the outcrops and doubtless varies underground, especially 
in the lower sandstones and limestones, which show a general thin- 
ning to the east. (See fig. 2.) These older rocks are absent under 
central-eastern South Dakota and the position of their eastern mar- 
gins has not been ascertained* 
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A, GROUP OF TEPEE BUTTES. 



B. LIMESTONE CORE SUCH AS CAUSES TEPEE BUTTES. 

TEPEE BUTTES DUE TO LIMESTONE LENS IN PIERRE SHALE. 
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A, SINK HOLE IN MINNEKAHTA UMESTONE. 



B, SPRING AT CASCADE SPRINGS. S. DAK. 
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DAKOTA AND LAKOTA SANDSTONES. 

The Dakota and Lakota sandstones are the principal beds in which 
artesian water is to be expected in the wide area of plains adjoining 
the Black Hills. The greatest volume of .^ 

water is in the Lakota sandstone, but in >-^g-| 
some districts the Dakota sandstone con- Cf |" 
tains a moderate supply. |-« "^ f 

Both sandstones outcrop in a wide zone '^ g § |^ 
in the hogback ridge, where by direct ab- 1 1 " o 
sorption and by the sinking of water from | g!-** g 
streams they receive a considerable pro- 
portion of the rainfall. This water flows 
slowly through the permeable sandstones 
and finally passes far below the surface of 
central South Dakota and emerges in great 
springs and general seepage in the out- 
crops of Dakota sandstone in the Missouri £ I '<i ? 
Valley in the southeastern comer of the " ^^ 
State. 



J» - j 
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As the water enters the Dakota and I « | 5* 
Lakota sandstones in land mostly from iJ „, ^ ^ 
3,100 to 3,500 feet above sea level and :^|g.| 
passes in them beneath a thick body of 1 5 ^cj rt. 
relatively impermeable shale, it should b© g ^ B* g 
expected to have great pressure or head ^ |l | 
in the plains to the east, which finally '^ - ^ " 
slope down to 1,200 feet above sea level 
near Missouri River. 



3 ag^- 
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This pressure, which 
is found in many wells in central and 
eastern South Dakota, is conclusive evi- 
dence that the water flows underground g§S» 
for many hundreds of miles. Some wells ^° " ^ 
show surface pressures of 175 to 200 
pounds to the square inch, the 200 pounds 
indicating a pressure of 780 pounds to 
the square inch at the bottom of the well. 
Such pressures can be explained only by 
the hydrostatic influence' of a column of 
water extending to a high altitude on the 
west. There is, however, considerable 
escape of water from the Dakota sand- 
stone in its outcrops in the Sioux City region and southward, 
and some must seep through the overlying shale, so instead of 
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the original head of the intake hieing sustained there is gradual 
diminution to the east and it dies out in the outcrop zone. There is 
therefore a grade in the head or altitude to which water can rise, 
a slope sustained by the friction or slowness of passage of water 
through the strata. A simple apparatus (see fig. 3) illustrates con- 
ditions closely similar to those in the Dakota and Lakota sandstones, 
which are the principal water-bearing strata under the Great Plains. 
The accompanying cross section (fig. 4) shows the head observed 
along a line from the intake zone west of Kapid City to the outlet 
in the Sioux City region. 

From the altitude of the outcrop of the Dakota sandstone and 
the pressures observed in wells in central and eastern South Dakota, 
contour lines (see fig. 5) have been constructed to indicate the head 
of artesian water in the State, and it is on this basis that the " head " 
lines have been spaced on the map (PI. I, in pocket). The spacing 
of these lines necessarily is in part theoretical, but they are required 
in delimiting the flowing from the nonflowing areas. 




Figure 



-Apparatus for Illustrating the decllyity of head of liquid flowing from 
reservoir. The shaded portions are water. 



This diminution of head (termed hydraulic grade) is shown on 
the map by lines indicating the height, at intervals of 100 feet, to 
which the underground water may be expected to rise above sea 
level. These lines also afford a means for estimating the pressure 
of the water in the area of flow, the pressure in pounds at any point 
being ascertained by subtracting the altitude of the land from the 
altitude of the head and dividing by 2.3 (the height in feet of a 
column of water 1 inch square, weighing 1 pound). The depth 
below the surface at which water would stand in a well in the area 
too high for a flow may be found by subtracting the altitude of 
head from the altitude of the land, as shown by the brown contour 
lines on the base map. The interval of these contour lines is 100 
feet. Intermediate figures for both may be obtained by estimating 
proportionate distances between the lines. For instance, at Smith- 
wick, which has an altitude of 3,225 feet and is not far above 
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the 3,100-foot line of head, the water should be expected to rise 
within about 100 feet of the surface, and, as is shown by the pattern 
indicating depths, it would be necessary to sink a well about 2,400 
feet to reach the top of the Dakota sand- ^ . n 

stone. It is possible that it might be nec- 
essary to sink 150 to 200 feet deeper 
through the Fuson shale and Minnewaste 
limestone into the Lakota sandstone be- 
fore a large volume of water could be 
obtained. 

The areas in which the head of Vater is 
sufficient to afford surface flow and areas 
in which a flow is not available are shown 
in different colors. The areas of flow as ^ " ^ 
deduced from the calculated head of the I g 5 

S O OB 

water comprise the valleys of Cheyenne « 5* © 
River, Beaver, Lame Johnny, French, I £ 2 
Dry, Battle, Spring, Rapid, Box Elder, | * B 
Elk, Alkali, Bear Butte, Volunteer, |oQ 
Whitewood, False Bottom, Hay, Elm, 
and Willow creeks, and Belle Fourche 
River, but, owing to lack of precise data 
in most of the region, the limits are only 
approximate. It will be noticed that the 
altitudes to which the water may be ex- 
pected to rise decrease regularly toward 
the east, for it is in that direction (away 
from the source of supply) that the alti- 
tude of head gradually diminishes. 

The water from the Dakota and La- 
kota sandstones is the source of supply 
for numerous wells 400 to 2,000 feet deep, 
which furnish large volumes of water 
in eastern and central South Dakota and 
about Belle Fourche, and it is believed 
that this water is also available under 
the extensive plains lying immediately 
east of the Black HiUs. On the map 
(PL I, in pocket) the depths to the 
top of the Dakota sandstone are shown 

by patterns in color, each of which includes between its limits a dif- 
ference of 500 feet ; thus, one represents depths less than 500 feet, the 
next from 500 to 1,000 feet, and so on. 
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On the columnar section (jfig. 1, p. 27) are shown the beds which 
have to be penetrated in drilling. These can be recognized by their 
characteristics and relations as shown in this section and described 
in the table (p. 9). Two fossils, Ostrea congeata and Inocerawm 
labiatus (PI. XIII) , are important guides in determining the identity 
of two prominent formations which underlie the plains area. The 
Ostrea congesta occurs crowded together and constituting thin shelly 
layers in the upper portion of the Niobrara chalky shale, which 
although bright yellow when exposed on the surface, is pale blue- 
gray when first brought out by the well boring. The Inoceramvg 
is characteristic of the Greenhorn limestone, which is hard and 




Outcrop of OakoU 



FiouRE 5. — Outline map of South Dakota showing hydraulic gradient by contour lines 

of head. 

buff-colored on the surface, as seen in the many outcrops in the 
escaipment just east of the hogback ridge, but is dark gray and 
soft textured underground. The zone of concretions and the thin 
layers of sandstone in the Carlile shale will be encountered by the 
well borer and recognized Jby their hardness and their relations to 
adjoining beds. (See fig. 1, p. 27.) 

FORMATIONS BETWEEN THE LAKOTA AND MINNELUSA SANDSTONES. 

In the Morrison and Sundance shales underlying the Lakota sand- 
stone there are no prospects for water, but in the sandstone members 
in the lower portion of the Sundance formation there is a small 
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amount, as illustrated by the well at the Bowman ranch, 6 miles north 
of Sturgis. At this place the water had somewhat greater head than 
that in the Lakota sandstone and therefore gave a flow, though one 
of small volume. At Fort Meade and Chambers ranch it did not flow. 
Possibly at some places these sandstones will yield more satisfactory 
results. 

The Unkpapa sandstone, between the Sundance shale and Morrison 
formation in the eastern and southeastern part of the Black Hills, 
may prove to be water bearing, but apparently it is too fine grained 
or compact to carry a great volume of water. The great mass of 
gypsiferous red shak of the Spearfish and Opeche formations is not 
likely to yield much water, and if a small volume is obtained it will 
probably be highly mineralized. The absence of water in these 
formations was demonstrated at the deep borings at Edgemont, 
Spearfish, near Belle Fourche, and Minnekahta, and also at Fort 
Meade, a short distance east of Sturgis, where the Opeche red beds 
were reached and no supply was found below a small flow from the 
Dakota sandstone. It is possible that the shallower wells near Spear- 
fish draw from sandstones in the red beds, for they are not deep 
enough to reach the Minnelusa sandstone, but it is more likely that 
they tap upward seepage from the Minnelusa, The MinndLahta 
limest(me is too dense to carry water, notwithstanding its cavernous 
character in some places near the surface. 

MINNELUSA SANDSTONE. 

As shown in the sections the outer slopes of the Black Hills and 
the ttdjmning plains (see PI. X, p. 26, and fig. 2, p. 29) are underlain 
by the Minnelusa sandstone, which lies at great depth along tho 
eastern side of the area but rises to the surface in the region of the 
limestone foothills. In its outcrops this formation appears to con- 
sist mostly of very porous sandstone, likely to imbibe much surface 
water and to constitute a water-bearing stratum available for deep 
wells. The numerous springs which emerge in places from the upper 
sandstcme furnish a further indication of its properties in this regard. 
In wells at CamlM'ia on the west side and at Edgemont and Minne- 
kahta on the south side of the Black Hills the sandstone is very fine 
textured and the sand grains are so closely cemented by lime that the 
interstices are filled up, leaving little room for water. In the north- 
ern part of the Black Hills region, however, the sandstone is much 
coarser grained and appears to be less calcareous, especially the upper 
member of massive white to buff sandstone (see PL II, 5, p. 10), 
which supplies flowing wells near Rapid City and Spearfish and 
would probably yield flowing water in most other portions of the 
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region on the north and east sides of the Black Hills. As shown on 
the map (PI. I, in pocket) this upper sandstone lies at moderate depth 
in the Red Valley, but to the east its depth gradually increases to 
several thousand feet near Cheyenne and Belle Fourche rivers. 

In the boring at Fort Meade the red beds of the Spearfish forma- 
tion are about 695 feet thick, and as the Minnekahta limestone and 
Opeche red beds are only about 130 feet thick the maximum depth 
to the top of the Minnelusa sandstone is only about 800 to 1,000 feet 
along the outer margin of the Red Valley and much less as the slopes 
of Minnekahta limestone are approached. Possibly in places it 
would be necessary to sink 300 to 400 feet through the Minnelusa 
beds to reach the water in the lower sandstone, but the prospects are 
fairly good that a sufficient supply will be found in the upper sand- 
stone, as at Rapid City and Spearfish. As the formation outcrops 
high on the slopes of the ridges west and southwest of the Red 
Valley the Minnelusa water may be expected to show considerable 
head when tapped by wells on the lower lands. 

PAHASAPA AND UNDERLYING LIMESTONES. 

The Pahasapa limestone, which underlies the Minnelusa sandstone, 
appears to be too dense to yield water except possibly along some 
higher slopes where caverns may be penetrated. The same con- 
ditions prevail in the thin Englewood and Whitewood limestones 
which underlie the slopes of the northern hills. 

DEADWOOD FORMATION. 

The upper and lower sandstones of the Deadwood formation con- 
tain water and are the sources of springs along their outcrop or its 
vicinity. Doubtless these sandstones also contain water throughout 
their underground extension and could be reached by wells of mod- 
erate depth in portions of the area, but unfortunately, as shown in 
the cross sections (PL X, p, 26, and fig. 2, p. 29), they are very 
deep on the outer slopes of the Black Hills and in the adjoining 
valleys. The two deep borings at Edgemont and the one at Cambria 
are believed to draw from this source, and in other parts of the region 
where the Dakota, Lakota, and Minnelusa waters are imsatisfactory 
it will be desirable to sink to the Deadwood sandstone. The depth 
to this sandstone is indicated on the map (PI. I, in pocket) and also 
in the sections (PI. X and fig. 2). Its relations to overlying rocks 
are shown in the sections and also in figure 1 (p. 27). It will be 
seen that in the Red Valley the depth ranges from 900 to 2,000 feet : 
along the Dakota- Graneros contact, or outer edge of the hogback 
ridge, it is about 2,300 feet; at Edgemont it is 2,516 feet; and it grad- 
ually increases as the distance from the Black Hills increases, prob- 
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ably to 4^00 feet near longitude 103° W. How far east the sand- 
stone extends is not known. (See fig. 2, p. 29.) The area in which 
flows may be expected from the Dead wood sandstone is probably 
great, for the altitude of intake is mostly above 5,000 feet, or higher 
than all of the lands east of the limestone ridges. The pressure at 
Edgemont of 75 pounds to the square inch is sufficient to raise the 
water 240 feet above the mouth of the well, or to an altitude of 3,690 
feet. This is high enough to afford a flow in most portions of the 
Red Valley, especially as the rate probably increases somewhat to- 
ward the elevated outcrop or intake zone. 

BOBINGS AND ABTESIAN FBOSFECTS. 

BELLE FOURCHE REGION. 

General features. — There are many artesian wells in the Belle 
Fourche and tributary valleys at and near Belle Fourche. They 
draw from the Dakota and Lakota sandstones and range in depth 
from 240 to 2,019 feet, the depths increasing gradually with distance 
from the foot of the Black Hills. Generally there are two or more 
flows, tlje uppermost from the Dakota sandstone, small in volume 
but relatively soft, and the second and lower flows, much greater 
in volume and harder in quality, from the Lakota sandstone 100 feet 
or more below. The head is sufficient to afford flows in a wide area 
of the lower lands, but a few borings on higher slopes have failed 
to obtain flows. 

Artesian wells and deep borings in the Belle Fourche region. 



Depth. 



Depth 
to main 
water- 
bearing 
bed. 



Diame- 
ter. 



Reported 

natural 

flow. 



Pres- 
sure. 



I 

Belle Fourche city wells: Feet, feet. 

No.l 560 

No. 2 525 

No.3 881 

Belle Fourche, many small wells. 

Belle Fourche, Craft's addition 897 

L-andA Cattle Co., NW.i sec.ll,T.8N.,R.2E.... 635 

Do 745 

F. A. Durst. NW. J sec. 14, T. 8 N ., R. 2 E 650 

F. N. & G. S. Fuller, N W. i sec. 6, T. 8 N., R. 3 E . . 835 

J.A. OUbort,8E.isec.36,T.9N.,R.2E 

()rman&Crook.NE.iSW.isec.l9,T.9N.,R.4E. 1,417 

H. L. Bamett,flE.j8ec.3l,T.9N.,R.3E 935 

J. Wichert,SE.i8ec.24,T.8N.,R.2E 381 

Caseranch,SE.|8ec.l4,T.8N.,R.2E 241 

Do 365 

G.H.Ray,SE.isec.l2,T.8N.,R.2E 818 

« First flow; soft water. 

5 Second flow; small flow at 340 feet. 

c Second flow; hard water; first flow at 450 feet 

(i Second flow; water also at 450 and 650 feet. 

< Soft water; some water at 600 feet. 

/ Flow also at 1,345 feet. 

9 Soft water. 

^ Hard water; water also at 500 feet. 



Inches. 



OaUons 
per min. 



525 

560 

(«) 

h 560 

C635 

d680 

500 

aSOO 

«836 

/ 1,325 

O360+ 
*760 



4 
1-2 



2 

3-2 

2 



In valley. 



200 
30 



Pounds 
per sfj. in. 

45 



1 




45 


55 
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55 
40 


100 


26+ 


30 


15 


15 


Flows. 


50 




5 
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30 


? 




40 


26 
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Artesian wella and deep J>oring8 in the Belle Fourche region — Oootinued. 





Depth. 


Depth 
to main 
water- 
bearing 
bed. 


Diame- 
ter. 


Reported 

natural 

flow. 


surt. 


U.S. Reclamation Service, sec. 86, T. 9 N.. R. 2 E . . 
U.8.Reclamatioiifiervloe3E.j8ec.l8,T.9K.,R.4£. 

Newland ranch, SW. isec. 4, T. 8 N., R. 3 E 

Brants Road ranch, SE.iMC. 23. T. 10 N.,R 2 E 

FredRoss.NW.isoc. 4,T.9N.,R.4E... 


Feit. 

627 
1,388 
1,033 
2,019 
1,858 

330 
226 
330 
820 

220 

535 

600 

/900 

960 

280 
i356 

700 


Feet. 
a 625 
1,380 
1,013 


IrnArn. 
2 
2 
2 


Gallons 
per fMin. 
20 

1 
15 


per§i.n 

'h 

15 
Flow;. 


.\7m 


I' 

4 

6 


25 

15 




M. Snyder, 8E. isec. 13, T. 8 N., R. 4 E 

J.A.Sootney,NE.i8ec.20,T.8N.,R.2E 

I>o 


30 


(-=) 




8. Johnson.SW.isec. 13,T.8N.,R.2E 


15 


W.R.Glassie,NE.ifleo.28,T.8N.,R.2E 

D. Richardson, Hay Creek, 6 miles west of Belle 
Fourche 


(<) 






5 


4 
3 


25 

5 
450 




T.Rawlins.SW.iNE.)sec.l7,T.8N.,B.2£.,2i 
miles souihwest of Belle Fourche 


«515 


UH- 


H. M. 8teams,SE. iNW. isec. 13,T. 8N., R. 3 E.. 

Schafterranoh,SW.i8ec.l4,T.gN.,R.2£ 

R. T>. Fvms.FW.fli^T. ^N.,R.2W 


IS 


'""gm 


3" 

4 


30* 


William Barbour, l^E. 4 sec. 35, T. 9 N., R. 1 E 

J. Chambers, BE. i gee. 17, T. 8 N.,R. IB 




^180 
A 310 






J.rhambers,NE.l8ec. 20, T. 8N:.R. IE 








J. Chambers, N W. J sec. 8, T. 8 N., B. 1 E 

















a First flow at 567 feet. 

b First flow; soft water. 

c Hard water. 

d Second flow. 

« First flow at 330 feet. 

/ In nrogress, in shale. 

g Soft water; water also at 274 feet. 

* Hard water within 9 feet of surfaoe: abaodoDad. 

f Water within 100 feet of surface; into red beds 120 feet; abandoned. 

Belle Fourche and vicimty. — Since 1904 Belle Fourche has been 
supplied by water from artesian wells which penetrate the Dakota 
or underlying Lakota sandstone. The water in the deeper wells has 
sufficient pressure to flow into a tank 75 feet above the ground on 
a knoll just south of the railroad depot. Shallower wells afford sup- 
plies at a number of residences. The first well had a depth of 525i 
feet and flowed 60 gallons a minute, and originally the pressure was 
considerably more than 55 pounds to the square inch. The well 
finally got out of order, apparently owing to a break in the casing. 
and other wells were sunk, which obtained additional supplies. The 
materials penetrated in the first well were as follows: 

Record of first well at Belle Fourche, 

Feet 

Shale 0-207 

Sandstone (Dakota), yielding a small flow at 245 feet 207-507 

Soft clay (Fuson), containing a thin layer of sand yielding 

a small second flow 307-425 

Sandstone (Lakota) 425-525^ 

The Lakota sandstone contained water at several horizons, the 
volume and head gradually increasing with depth, and the maximum 
flow being at a depth of about 510 feet, in the lower part of the 
formation. 
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The second well, on somewhat lower land near the center of the 
village, had the following record : 

Record of second well at Belle Fourehe, 

Feet. 

Shale 0-300 

Hard sandstone (Dakota), small flow 300-330 

Soft sandstone (Dakota), flow at 410 feet 330-410 

Red, white, and mottled clay (Fiison) 410-435 

Gray sandy clay and sandstone with lignite fragments 

(Lakota) 435-470 

Sandstone (Lakota) 470-525 

A pressure of 45 pounds was reported in this well. 

A third well, bored in 1903 to a depth of 881 feet, found water- 
bearing strata at intervals from 297 to 560 feet. This w^ is 4 inches 
in diameter and has a flow of 30 gallons a minute. Several small 
wells in the village are supplied by the first flow at depths of 300 to 
400 feet. 

A well in Craft's addition, three- fourths of a mile east-southeast of 
well No. 1, obtains water with a pressure of 55 pounds from the 
second flow at a depth of 560 feet. This well was drilled to 897 feet, 
with no increase of flow below 560 feet. 

There are two artesian wells on property of the Belle Fourehe 
Land & Cattle Co^ in the NW- i sec. 11, T. 8 N., R. 2 E., a mile north 
of Belle Fourehe. The first, which was sunk in 1904, has a depth 
of 650 feet. It draws from the second flow at 635 feet. The water 
is somewhat hard and the pressure is 55 pounds. A flow of softer 
water was found at a depth of 450 feet, which is the first flow. The 
following record is givcai : 

Record of artesian well 1 mile north of Belle Fourehe, 

Peet. 
Shale 0-350 

Sandstone (Dakota) 350-450 

Shale and clay (Fnson) 450-550 

Sandstone (Lakota) 550-660 

A second well on a small knoll north of the river in the northwest 
quarter of the same quarter section has a depth of 744 feet. It 
yields a 15-gallon flow of soft water imder a pressure ot 40 pounds. 
A small flow was found at a depth of 650 feet in this welL 

F. Durst has a well in the NK i NW. J sec. 14, T. 8 N., R. 2 E., 
on a hill about 70 feet above Belle Fourehe. It was sunk in 1906 
and has a diameter of 4^ inches and a depth of 550 feet. The main 
flow was reached at 500 feet and minor flows at 350 and 400 feet- 
The pressure is sufficient to raise the water 60 feet above the surface, 
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with a volume of 100 gallons a minute. The water Is fairly soft 
The following record is supplied by the driller: 

Record of Durst artesian welly south of Belle Fourche, 

Feet 

Sand and gravel 0- 20 

Black shale 20-220 

Gray shale 22Q-<320 

Sandstone 320-332 

Shale 332-422 

Clay and shale 422-442 

Hard close sandstone; no water 442-492 

Soft white sandstone; much water 492-550 

Two wells on the Case ranch, a mile farther south, have depths 
of 241 and 355 feet and yield good flows of soft water. The deeper 
well shows a pressure of 26 pounds. 

Another shallow well just south of Minnesela, 381 feet deep, has 
a 2-gallon flow of soft water under a pressure of 30 pounds. 

The Gilbert, Barrett, and Fuller wells, on the south side of Belle 
Fourche River 2 to 3 miles below Belle Fourche, range from 835 
to 935 feet in depth. They have large flows of Soft water from 
the Dakota sandstone or *' first flow." The well on the Newland 
ranch in the SW. i sec. 4, T. 8 K, R. 3 E., with a depth of 1,033 feet 
reaches this flow at 1,013 feet. This well is in the deeper part of 
the syncline that crosses Belle Fourche River 5 miles below Belle 
Fourche and had to penetrate nearly the entire thickness of Graneros 
shale. 

Belle Fourche project. — ^The United States Reclamation Service 
drilled two artesian wells in connection with the Belle Fourche 
project — one at the dam site on Owl Creek, in the SE. J SE. J gea 
18, T. 9 N., R. 4 E., the other at the intake of the diversion canal 1^ 
miles below Belle Fourche. 

The well at the dam site is 1,386 feet deep and 2 inches in bore and 
has a 1-gallon flow under pressure sufficient to raise the water 20 feet 
or more above the surface. The boring was in Carlile and Graneros 
shales, with hard streaks at 250, 540, 640, 790, 900, and 1,300 feet, the 
one at 250 feet probably representing a portion of the Greenhorn lime- 
stone. The Dakota sandstone was entered near the bottom, so the 
well is supplied by the first flow. A partial analysis of the water 
from this w^ell shows that it contains about 700 parts per million of 
total solids, about 60 parts per million of sodium, a smaller amount of 
calcium and magnesium, and no sulphate. 

The well at the intake of the diversion canal is on the north bank 
of Belle Fourche River, in the SW. i sec. 36, T. 9 N., R. 2 E. It is 
627 feet deep and 2 inches in diameter, and obtains its supply from a 
depth of 625 feet. A first flow was found in the Dakota sandstone at 
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a depth of 567 feet; shale (Fuson) separates the two flows. The 
following analysis of the water was made by F. M. Eaton : 

Amilysis of tcater of Reclamation Service artetian well at intake li miles 

below Belle Fourche. 

Partaper 
million. 

Calcium (Ca) 9.7 

Magnesium (Mg) 2.4 

Sodium and potassium (Xa+K) 154 

Carbonate radicle (CO.) 16 

Bicarbonate radicle (HCO,) 222 

Sulphate radicle (SO*) 141 

Chloride radicle (CI) 16 

Nitrate radicle (NO,) .04 

Total dissolved solids 482 

Hay Creek valley. — There are deep wells at intervals up Hay 
Creek valley, most of which yield flows. At the Scotney ranch, in 
the northeast corner of sec. 20, T. 8 N,, B. 2 E., there are two artesian 
wells, one 225 feet deep which flows 15 gallons, and another on 
j^lightly higher ground 330 feet deep which has a 28-gallon flow 
under a pressure of 30 pounds. The water is hard. At the Rawlins 
ranch, in the NE. i sec. 16 of the same township, a boring 535 feet 
deep yields a 5-gallon flow and had a small first flow at 330 feet. 
The pressure is 10 pounds or more. At the Bichardson place at the 
crossing 6 miles above Belle Fourche a well 220 feet deep has a 
25-gallon flow. It begins in the Fuson formation and reaches water 
in the basal portion of the Lakota sandstone. 

Chambers ranch. — On the Chambers ranch, in the SW. J NW. i 
sec. 8, T. 8 N., B. 1 E., on the hogback ridge 9 miles west of Belle 
Fourche, a boring was made in 1899 to a depth of 700 feet. It 
obtained no flow and was finally abandoned. The record is shown 
in figure 6 (p. 40). 

The boring began at the top of the Dakota sandstone and pene- 
trated that formation and the underlying Fuson and Lakota forma- 
tions within the first 200 feet. The water at a depth of 180 feet was 
in the Lakota sandstone, which affords the large flows in the valleys 
about Belle Fourche, but the boring was on land more than 100 feet 
too high for a flow. The reddish sandstone at 490 to 540 feet was in 
the Sundance formation, and the water at 540 feet was in the sand- 
stone near the lower portion of that formation. The Spearfish red 
beds were entered at a depth of 580 feet and penetrated 120 feet. It is 
unfortimate that this hole was not deep enough to reach the Minne- 
lusa sandstone. 

Two borings 280 and 356 feet deep were sunk on the north side of 
Hay Creek in the southeast corner of sec. 17 and the NE. i sec. 20, 
T. 8 N., B. 1 E. They penetrated Sundance beds and found some 
water rising within 9 feet of the surface. Both wells were abandoned. 
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Orman.— The Orman well is in the NE. i SW. J sec. 19, T. 9 N^ 
B. 4 E., at the south end of the Owl Creek dam. It was finished in 
October, 1906. The diameter of the well is 3 inches and its depth is 
1,417 feet. The water-bearing bed was entered at a depth of l,32o 
feet and is a very coarse sandstone 40 feet thick. The flow at an 
altitude of 3,017 feet, or 18 feet above the ground, is 50 gallons a 
minute ; 26 feet higher it is 32 gallons. The temperature of the water 
iq 94°. Another well 6 inches in diameter was drilled on ground 



Dopth 
(feet). 
10 



Dakota sandstone 

Fuson shale 

Lakota sandstone 

Morrison shale . . . 



Sandstone and shale. 
Water to —100 feet. 



Speaii&sh formation . 



540 
580 



700 



Clay, some sandstooe. 



Reddish s 

Qray sandstone wiUi water to ->10Q» 

Green shale. 

Bed saadstoae. 



Hard ironstone layer. 
Red beds. 



FiouHH 6. — Section of boring at Chambers ranch, 9 miles west of Belle Fourche, S. Dak. 

45 feet higher a few rods farther south. An analysis of the water 
from the 3-inch well by W^ A. Converse is as follows : 



Analysis of water from 84nch well at Orman. 



Parts per 
miilloD. 



13 



Silica (SiOi) 

Oxides of iron and nlumliium (FejOs+AUOj) 

Calcium (Ca) 183 

Magnesium (Mg) L 57 

Sodium and potassium (Na+K) 86 

Bicarbonate radicle (HCO») 24^ 

Sulphate radicle (SO*) 640 

Chloride radicle (CI) 3.5 

Nitrate radicle (NOs) .00 

Organic and volatile matter .5 

Total solids (by summation) 1,107 

Snoma, — A well on the Stearns ranch, a mile northwest of Snoma. 
near Fniitdale post office, is 600 feet deep and yields a flow reported 
to be 450 gallons a minute under a pressure of 125 pounds. 
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Area of flow, — ^The map (PL I, in pocket) shows the area in which 
flowing wells may be expected. The representation is based on the 
pressures reported in a number of wells and on the tiieoretical head 
which should be expected from the altitude of the outcrops of the 
water-bearing sandstone in the hc^ack ridge. Owing to the small 
amount of evidence available the boundaries of the area are only 
approximately known, and it should be borne in mind that they differ 
somewhat for the different flowa Ordinarily the water from the 
basal beds of Lakota sandstone has the greatest pressure, so that it 
will flow at higher altitudes than the water from the Dakota sand- 
stone, or " first flow." The pressures in the wells in Belle Fourche 
indicate that the head of the water is sufficient to raise it to an alti- 
tude of about 3,150 feet, and the pressure in wells on higher lands to 
the south indicate a somewhat higher head, although these wells have 
less surface pressure. The head indicated by the reported pressure 
in the Stearns well near Snoma is 3,220 feet. The head diminishes 
toward the east, and in the valley of Indian Creek it is less than 3,000 
feet. The well at the Ross ranch, however, indicates that the head 
would afford a flow at altitudes of somewhat more than 2,885 feet. 
The flow at Brant's road ranch, in the Owl Creek valley north of 
Belle Fourche, indicates that in that vicinity the water would rise to 
an altitude of more than 8,060 feet. Unfortunately the pressure of 
this well was not ascertained, so that the maximum altitude of head 
can not be calculated. The flowing well 2 miles south of St Onge 
adds ccmfirmatory evidence to the belief that flows may be obtained 
up to the base of the hogback ridge. Doubtless also the flow area will 
be found to extend up some of the valleys part way across the hogback 
ridge, to the line along which the base of the Lakota sandst(Mie jmsses 
undei^ound. 

It is probable that artesian flows may be obtained from the upper 
part of the Minnelusa sandstone in the Bed Valley area and adjoin- 
ing slopes. (See p. 24.) 

ST. ONGE AND WHTTEWOgp REGION. 

At St. Onge a 617-foot well yields a good supply of water from 
the Lakota sandstone. The diameter of this well is 2 inches, the 
flow 125 gallons a minute, and the pressure is stated to be 20 pounds 
to the square inch. Another well of the same size, three-fourths 
mile east of St. Onge, is 653 feet deep and has a 150-gallon flow. 
The same artesian conditions extend up the shale valley southeast- 
ward for 6 to 8 miles and the beds gradually come nearer the surface. 
A 175-foot well on False Bottom Creek, 2 miles due south of St. 
Onge, yields an excellent flow from the Lakota sandstone. White- 
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wood is in the Red Valley near the line of contact of the red shales 
and the overlying Sundance formation. It is probable that the 
Minnelusa sandstone would yield a flow at this place, for the condi- 
tions are closely similar to those at Spearfish and Rapid City, where 
good flows are obtained. The depth to the top of the Minnelusa 
sandstone is greater, however, because 550 to 600 feet of red shale of 
Spearfish formation have to be penetrated, 85 feet of Minnekahta 
limestone, and 90 feet of Opeche red beds; probably 700 feet in all. 
Possibly it would be necessary to sink some distance into the Minne- 
lusa sandstone to obtain a flow. About 1,100 feet deeper is the upper 
sandstone of the Deadwood and 1,400 feet deeper the basal Deadwood 
sandstone, both of which offer good prospects for artesian flows. 

The same conditions exist in the Red Valley southeastward to 
Sturgis and also up the narrow valley past Crook into Boulder Park, 
where there is a shallow basin holding 200 to 300 feet of Spearfish 
red beds. 

VALE AND XEWELL REGION. 

The artesian area of the Belle Fourche district extends for several 
miles down the valley and some distance up the larger branch valleys 
in tbe Vale and Newell region. An artesian well was sunk at Vale in 
1909 and still furnishes a flow of good water. Its depth is 2,215 
feet and it flows somewhat less than 1 gallon a minute. According 
to one statement shale was penetrated for 2,100 feet, at which depth 
some sandstone was found. This was underlain by a thin coaly 
layer, 25 feet of hard gray shale, and about 15 feet of white chalky 
clay, alternating with blue and red chalky material. At 2,200 feet 
sandstone was entered and at the bottom the boring was in fine black 
sand, which yielded the flow. The identity of the first sandstone is 
not clear; presumably the top of the Dakota sandstone was reached 
at a depth of 2,200 feet. The good quality of the water and the light 
flow also indicate a source near the top of this sandstone. Doubtless 
if the boring had been continued into the Latota sandstone, 150 feet 
or more below, a large volume of water would have been obtained 
and under greater head. It might, however, contain more mineral 
matter, like the water in most wells in the Belle Fourche region and 
at Fruitdale. It is reported that the well is cased with 4J-inch casing 
at the top, 900 feet of 3-inch casing, and 1 J-inch casing at the bottom. 
The pressure is stated to be 22 pounds to the square inch, sufficient 
to lift the water 50 feet above the surface in a pipe, or to 2,824 feet 
above sea level. 

The area in which flowing wells may be expected in the Vale- 
Xewell area and southeastward is shown on the map (PI. I, in 
pocket), as indicated by the pressures reported in wells in regions 
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to the west and. southwest and by the slope of the head toward wells 
in the central part of the State. Owing to the great distance between 
these sources of data the head can only be approximated and the 
boundaries of the area in which flowing wells may be obtained can 
be only approximately delineated. Those indicated are based on 
the probable head of water from the basal beds of Lakota sandstone, 
which has considerably greater pressure, and accordingly affords 
flows at higher altitudes than the water from the Dakota sandstone, 
or "first flow." The low pressure in the artesian well at Vale is 
believed to be that of the first flow, and the pressure of lower flows 
at that place doubtless will be found to be considerably greater, 
probably representing a head of more than 2,900 feet, as shown on 
the map. The head undoubtedly diminishes toward the east and 
northeast; at the mouth of Willow and Horse creeks it is probably 
less than 2,850 feet and may be only 2,800 feet, but this is sufficient 
to afford flows in all the lower lands. Flowing wells are to be ex- 
pected from the second flow some distance up the slopes about Newell 
and in all of the lower lands about Vale, Empire, Horse Creek, 
Eeed, and Volunteer post offices. It is likely that a flow may be 
obtained at Newell, altitude 2,850 feet, for the head of the second 
flow at that place probably will suffice to raise the water to 2,875 feet. 
Possibly, however, the head will be slightly less than 2,850 feet, in 
which event the water would come near enough to the surface to be 
pumped. The depth to the Dakota sandstone, or first flow, at Newell 
is about 2,450 feet, and the Lakota sandstone, which carries the 
second flow, is 150 to 200 feet deeper. 

The higher ridges of the divides in the region about Newell and 
Vale and south and southeast of those places, as indicated on the 
map (PL I, in pocket), are probably too elevated for flows, but the 
limits of flow areas on these slopes can only be approximated. 
Apparently the prospects for flow also are fairly good in a wide area 
in Fourmile and Elk Creek basins, north and northeast of Volunteer. 

The Minnelusa sandstone, which probably contains a large volume 
of water under high pressure, underlies the Vale-Newell region at 
depths of 3,500 to 4.000 feet, too deep for ordinary well drilling. 

STURGIS AND BEAR BUTTE REGION. 

List of wells, — Artesian waters from the Dakota and Lakota sand- 
stones have been developed at places north of Sturgis, and some un- 
successful attempts have been made to test lower water-bearing sand- 
stones. The following is a list of borings within 7 miles of Sturgis ; 
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Deep weUs in the Sturgis region. 



Locality. 


Depth. 


Depth to 

main 
artesian 
horizon. 


Diam- 
eter. 


Natural 

flow 

reported. 


RenMrka. 


N. P. Hanson, NE. \ SW. \ sec. 

15,T.6N.,fe.5E. 
R. Stephens, NE. \ sec. 22, T. 6 

N.,I1.5E: 
Eklund (old "oU well"), SE. \ 

SE.lsec.8,T.6N.,R.6E. 
K. F. Kaubisch, NE. i SW. }see. 

20, T.6N.,R.6E. 

J. S. Jensen, NW. \ SE, \ sec. 8, 

T.6N71r[.5E. 
J. Dacy, NE. \ SE. \ sec. 12, T. 6 

N.,R:4E. 
W. H. Bowman, southwest 

comer sec. 2, T. 6 N., R. 5 E. 
Fort Meade 


Feet, 
1,116 

337 

755 

720 

632 

670 

1,560 

1,450 

1,060 

1,310 
480 


Ftei. 
1,090 

357 

600 

300-400 

600 

570 

1,560 

322 


/nc&ef. 
2 

2 

6^1 
2 

4i-3 


Gals, per 

35 

60 

60 

Few. 

30 

Many. 

4 

12 


Pressnre 30 pounds; some 

leaka^. Soft water. 
Pressure 18 pounds; soft wa- 

Irony water; pressure low. 

No water below 400 feet; wa- 
ter rises within 7 feet of 
surface; soft but Irony. 

Presfure 20 pounds; soft wa- 
ter, some fnm. 

First flow at 330 feet. 





Irony water; low pressure. 

No water below good flow at 

322 feet. 
Failure. 


Sturgis, Purth Hotel 




Enskert: 

Lot 2, sec. 28, T. 6 N„ R. 5 E . 




^^\ 


Few. 


45 feet above Spring Creek. 


Lotl,sec.26,T.6N.,R.5E. 


400 



Sturgis. — ^Tlie principal wells which tap the Lakota and Dakota 
sandstones are in the region north and northwest of Sturgis not far 
east of the foot of the hogback ridge. Here the Dakota sandstone 
lies less than 1,000 feet deep under a region of considerable extent, 
but the easterly dip carries it deeper to the east. The Lakota sand- 
stone, which contains the principal water supplies, lies 100 to 200 
feet deeper. The large igneous mass of Bear Butte locally inter- 
rupts the continuity of the water-bearing sandstones. These sand- 
stones have been penetrated by several wells, most of which yield 
large flows of excellent water. One well sunk for oil at the Eklund 
ranch, 6 miles northwest of Sturgis, in the southeastern part of sec. 
8, T. 8 N*., R. 5 E., is 755 feet deep, but obtains its principal water 
supply at a depth of 600 feet in a bed of soft sandstone (Lakota) 
85 feet thick. The flow is estimated at 60 gallons a minute, and 
the pressure was reported to be 20 pounds to the sqfuare inch, but 
a test in 1910 showed a very low figure, 5 pounds or less. A small 
flow was also found in the Dakota sandstone at a depth of '440 feet. 
The following record is given : 

Record of artesian well 6 7nilc8 north hy west of Sturgis, 8. Dak, 

Feet 

Dark shale (Graneros) 0-275 

Shale and sandBtone, small flow at 440 feet (Graneros and 

'Dakota) 275-445 

Red clay (Fuson) 445-^5 

"Rocks" (probably Lakota sandstone in part) 505-^5 

Soft sandstone, with main flow at 600 feet 585-670 

Coal, 1 inch at 670 

Dry sand 670-685 

Black shale, with 2 Inches of coal (basal Lakota) 685-706 

Green shale, with thin limestone layers (Morrison) 705-755 
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The Lakota sandstone appears to begin at 505 feet in this boring 
and to continue to the top of the Morrison shale at 705 feet, including 
the coaly shale at base, as in the Aladdin and Cambria areas. The 
Jansen well, about one-third of a mile northwest, has a dO-gallon 
flow from the same depth, 600 feet, and is used for irrigating several 
acres of orchard and garden. It is reported to have passed through 
40 feet of surface material, 250 feet of shale, 10 feet of sandstone, 
240 feet of hard shale, and 92 feet of sandstone — a total of 632 feet. 

Another deep well (on the Kaubisch ranch), in sec. 20 of the 
sandstone passes beneath the Graneros shale, is 720 feet deep, but 
obtains its main supply from beds between 300 and 400 feet. The 
water rises within 7 feet of the surface, but by digging a trench it 
has been made to flow to the adjoining lower ground in small vol- 
ume. The water is soft but contains considerable iron. The first 
sandstone at a depth of about 200 feet yielded water which over- 
flowed, and the next sandstone at 400 feet yielded additional volume. 
At the bottom the boring was in Sundance beds containing Belem- 
nites. The Dacey well, 2 miles west of the Eklund well, is 570 feet 
deep and obtained two flows, the first at 330 feet and the second at 
the bottom of the boring. The volume is large and the pressure 15 
pounds to the square inch. 

The Bowman well, in the southwest comer of sec. 2, T. 6 N., R. 5 
E., was sunk in 1907 to a depth of 1,560 feet and flows 4 gallons a 
minute with low pressure. Very little information is available as to 
the record or other features of this well. Samples from 1,000 to 1,200 
feet were all light-gray clay, apparently from the Sundance forma- 
tion. Doubtless the Dakota sandstone was entered at a depth of 
about 700 feet and the Lakota sandstone at 850 feet, but presumably 
the water which they contained did not have sufficient head to afford 
a flow on the high table-land on which the well is situated. Probably 
the flow is from the basal 8andst<me of the Sundance formation. 
This well apparently shows that the altitude of head of the Dakota- 
Lakota wator in this area is scMnewhat less than 3,200 feet, the height 
of the land on which the well is sunk. However, flowing wells may 
be expected throughout the lower lands to the north. 

In the Hansen well, 5 miles due north of Sturgis, a depth of 1,116 
feet was attained. Sandstone began at 700 feet, but no flow was 
obtained until the boring reached a depth of 1,090 feet, doubtless in 
the lower part of the Lakota sandstone. The pressure at the mouth 
of the well was reported to be 30 pounds, indicating a head of 69 
feet, equivalent to an altitude of 3,220 feet, or somewhat higher than 
the altitude of outcrops of Dakota sandstone a mile to the east. 

The Stephens well, a mile southeast of the Hansen well, or 4 miles 
north-northeast of Sturgis, is 377 feet deep. The first 250 feet con- 
sists of blue shale (Graneros) , which is underlain by 25 feet of sand- 
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stone (Dakota), followed by 80 feet of gray shale (Fuson) and 22 
feet of sandstone (Lakota), containing water. The pressure was 18 
pounds on a pipe 10 feet lower than the well, with some slight lo^ 
by leakage. The water is said to rise 48 feet at the well, which indi- 



Depth 
(feet). 



Ormaeroa shale . 



Dakota Bondsione ? . 



Fuaon shale and Lakota 
BandBtono. 



Morrison shale . 



Sundance formation . . . . 



1.060 

? 



1,310 
1,340 



Yellow olay. 



Sandstone. 10 feet. 



Shale, Cray. 



Sandstone. 15 feet; small flow 



Shale, very compact. 



Sandstone, shale; some hard iron layer*. 



" Limestone '' (probably fine sandstone and shale) . 
Not reported. 



Figi:re 7. — Section of boring at Enslcert ranch, lot 2, sec. 2G. T. 6 N., R. 5 E., 3 miles? 
northeast of Sturgls, S. Dak. 

cates a pressure of nearly 21 pounds and a head sufficient to rise to an 
altitude of 3^50 feet. 

A 1,340-foot boring on the Enskert ranch, 3 miles northeast of 
Sturgis, penetrated Dakota and Lakota sandstones and nearly reached 
the bottom of the Sundance formation, where, on account of its small 
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bore (2 inches) , drilling had to cease. It obtained a 1 to 2 gallon 
jBow of very hard water from sandstone, presumably Dakota, at a 
depth of 740 to 755 feet. The section shown in figure 7 was supplied 
by the driller. 

A well completed in 1912 on the next lot east is 480 feet deep, a 
depth beyond which drilling could not proceed on account of caving 
of soft material. A three- fourths gallon flow of irony water (slightly 
alkaline) was obtained from 400 to 450 feet. Sandstone (Dakota) 
was entered at 345 feet. Below 450 feet were found 12 feet of white 
shale and 20 feet of red shale. As this well is some distance northeast 
of the deep one in lot 2, tha shales are deeper. 

It is difficult to understand why these borings did not have better 
success, but apparently the Lakota sandstone is choked with fine 
sediment at this place. If this explanation is correct, it indicates a 
most unusual condition, which is probably local. 

Fort Meade. — Several years ago a well sunk by the Quartermaster s 
Department, United States Army, at Fort Meade, just east of the 
ridge of Dakota sandstone, developed a 12-gallon flow of good water 
at a depth of 322 feet. With the expectation of finding an additional 
supply it was continued deeper and penetrated the red shale of the 
Spearfish formation to the Minnekahta limestone, where, unfor- 
tunately, it was discontinued without testing the prospects for obtain- 
ing water in the Minnelusa sandstone 100 feet or more below. The 
record, based mainly on samples furnished by the quartermaster, is 
given in figure 8. 

The boring at the Furth Hotel in Sturgis is reported to have 
reached a depth of 1,050 feet, where the tools stuck and work was 
abandoned without obtaining any water. As the boring began some 
distance below the top of the Spearfish formation, it should have 
passed through nearly all, if not all, of the Minnelusa sandstone at 
the depth reported and obtained a flow of water. It is stated that at 
about 200 feet a crevice was entered and "nothing came out of the 
hole " below that depth. This statement probably indicates some mis- 
understanding as to the depth, for the existence of such a crevice is 
impossible, and progress from 200 to 1,050 feet could not have been 
made without producing borings. It is therefore believed that the 
Minnelusa sandstone was not penetrated and the boring did not test 
the water conditions. 

The wells in T. 6 N., E. 6 E., a few miles north of Sturgis, show 
that flowing water may be expected from the Dakota and Lakota 
sandstones, especially the Lakota, in a wide area of the valley lands 
north and east of Sturgis. Bear Butte causes a local interruption 
in the regular uniform dip to the eastward and deflects the " head " 
lines somewhat, but the general relations in most of the area are 
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those shown in section 3 on Plate X (p. 26)« In the valley of Bear 
Butte Creek, for example, the top of the Dakota sandstone reaches 
a depth of about 1,500 feet due south of the east end of Bear Butte 



Depth 

(feet). 



Dakota aandalone. Fu«on 
■hftle. Hid Lakote 
•andatone. 



Morriaon ahale . 



Sundance formation . 



oxMaiusn fonnatton . 



100 
125 

liS 

186 
225 
250 
288 
332 



Sand and gravel. 

Hidatama. buff, ooane in middle. 

Shala. crajr. 
Saadatone. yellow, fine. 
Shale, irmy. 



746 

771 



Shale, licht vray. 
Shala. daric, with pyrite. 
Saadatone, fine: IS^caHen £ 



Shale, licht sreeniah cray. 



Shale, very dark, 8 feet. 
Shale, blue. 



Shale, red. 
Shale, blue. 1 foot. 



Shale, red. 



Minnekahtalimaatone /{'^ 

FiouBE 8. — Section of boring at Fort Meade, east of Stnrgrls, S. Dak. 

and of 2,000 feet in the east line of K. 6 E. The flow area from 
Fort Meade eastward for a few miles is restricted to the bottom and 
lower slopes of the valley. In R. 7 E. the eastward dip of the beds 
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diminisheB in rate and probably the flow area widens greatly, espe- 
cially over the low table-land south of the Bear Butte Valley. At 
Volunteer the Dakota sandstone is about 2,400 feet below the surface, 
and at Alkali and H«:*eford about 2,700 feet In this region the 
area of flow is a wide belt adjoining the Belle Fourcbe Valley. (See 
PL I, in pocket.) Its limits, howev^, are not very accurately deter- 
mined, for the probable head of the artesian water can only be ap- 
proximated. 

Notwithstanding the faiitire of the boring at the Furth Hotel in 
Sturgis, it is believed that the Minnriusa sandstone will yield arte- 
sian water in the Sturgis region and far up and down the Red Valley 
north and south, but possibly it will be necessary to sink to its lower 
part. The depths are indicated on the map and also in section 8 in 
Plate X (p. 26). About 1,100 feet deeper is the top sandstone of 
the Deadwood, and about 1,400 feet deeper is the basal sandstone', in 
which there are excellent prospects for artesian flowa 

SFEARFISH REGION. 

A few borings in and near Spearfish have demonstrated the water- 
bearing capabilities of the Minnelusa sandstone on the northern slope 
of the Black Hills. They indicate that flows may be expected from 
this source at moderate depth in a wide area of the Ked Valley 
extending north to Eedwater Creek and eastward down the Centen- 
nial Prairie. The area over which the depth is less than 600 feet is 
shown on the map (PL I, in pocket). 

Wells in vicinity of Spearfish, 8. Dak. 



Location with reference to 
Spearfish. 


Depth. 


Depth to 
principal 
artesian 


Diam- 
eter oC 
well. 


Natural 
flow re- 
ported. 


RamarJa. 


Normal scfliool, 1 mile northwest. 
4mllefloutheast 


Feet. 
411 
275 
300 
415 
701 

312 
370 


Feet. 
300 
215 
260 

323-^98 
660 

305 
370 


Indue. 


Oale.per 

min. 

160 

812 

115 

50 

Few. 

15 
15 


Pressure 20 pounds or more. 
Pressure 3| pounds. 
Pressure 15 pounds. 
Flows. 


5'alr grounds, } mile northwest . . 
Electric plant, 1^ miJee soath. . . . 
1 mile northeast 




Some water within 150 feet 


2i mUes northwest. . . .... 




of surface. 
Pressure 20 pounds. 
Flows. 


Sommen ranch, 3^ miles north. . . 









The water is soft and ample in volume for ranch use. The first 
well sunk was 415 feet deep at the electric-light plant in Spearfi^ 
Canyon, 1^ miles south of Spearfish. This well begins near the top 
of the Minnelusa sandstone and penetrates about 17 feet into the 
underlying Pahasapa limestone. A 32-gallon flow, found at a depth 

45728*— 18— W8P42S i 
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of 323 feet in yellow sandstone, increased to 50 gallons as the remain- 
ing 75 feet of the lower Minnelusa sandstone was penetrated. The 
flowing well at the fair grounds, a short distance northwest of Spear- 
jBsh, is 300 feet deep, but draws its principal supply from a depth of 
260 feet, probably from a top member of the Minnelusa sandstone. 
The pressure is 15 pounds, and the flow is 115 gallons. A similar 
well at the normal school is 411 feet deep and has* a 160-gallon flow 
from a depth of 300 feet and a pressure of 20 pounds or more. A 
well in the NE. J NW. i sec. 4, T. 6 N., E. 2 E., 2i miles northwest 
of Spearfish, is 312 feet deep, and its flow is under sufficient pressure 
to rise 45 feet above the surface. The bed that is the principal source 
of water lies at a depth of 305 feet. The water is medium soft and 
flows 15 gallons a minute. Red beds B,Te reported to a depth of 203 
feet, below which lies 2 feet of limestone, underlain by a foot of 
water-bearing sand. Probably the water comes up through crevices 
from Minnelusa sandstone far below, but may possibly come from 
a sandstone bed in the Sundance formation. The Harriman boring, 
three- fourths mile east of Spearfish, reached a depth of 701 feet. It 
began in the upper part of the Spearfish formation and is reported to 
have penetrated limestone (Minnekahta) from 453 to 483 feet. The 
characteristic purple clay at the top of the Opeche formation was 
reported at 483 to 586 feet. The record is somewhat indefinite as to 
underlying beds ; but water which rises within 150 feet of the surface 
was found at a depth of 660 feet, presumably in the upper part of 
the Minnelusa sandstone. 

A well at the Sommers ranch, 3^ miles northwest of Spearfish, is 
370 feet deep and has a 15-gallon flow. It begins just above the top 
of the Minnekahta limestone and at a depth of 50 feet passes into 
Opeche shale. The water is from the lower part of the upper mem- 
ber of the Minnelusa sandstone. 

Undoubtedly the head of water in the Minnelusa sandstone is suf- 
ficient to give flows throughout the Eed Valley, except in the liigher 
slopes and ridges. Appai-ently in places there is some leakage into 
overlying beds. Artesian water may also be expected in Deadwood 
sandstone in two beds, one about 1,100 feet below the top of the 
Minnelusa sandstone and a lower one 250 feet deeper. The lower bed 
has the best prospects for water, which would have a head sufficient 
to afford flows under high pressure in all parts of the Ked Valley, 
except, perhaps, the highest parts of the adjoining slopes or the 
ridge culminating in Lookout Peak. 

RAPID CITY REGION AND EASTWARD. 

Three flowing wells in the Red Valley, 2 miles northwest of 
Eapid City, indicate that water is obtainable from the Minnelusa 
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sandstone in that district. The first well, which i^ at the lime plant 
in the SE. i sec 28, T. 2 N., K. 7 E., begins on top of the Minne- 
kahta limestone and is 250 feet deep, reaching the middle of the 
upper sandstone of the Minnelusa. The main flow of 100 gallons 
a minute began at a depth of 215 feet and did not increase below 
that point. Another well in the northeast quarter of the next sec- 
tion south obtains a similar supply from the same source at a depth 
of 205 feet. The third well is in the SW. J sec. 34, nearly a mile 
southeast of the second. It is 500 feet deep and flows about 60 
gallons. It was necessary to go 500 feet at this place to reach the 
same stratum as in the other wells, for the beds pitch steeply to the 
southeast, as shown by an outlier of the Sundance formation at the 
road forks, less than half a mile southeast. 

A few borings of moderate depth have been made east of Kapid 
City, but none {sufficiently deep to reach the Dakota sandstone. 
/Owing to the relatively steep dip of the rocks, the depth to this sand- 
stone increases rapidly east of the hogback ridge. In the eastern 
part of Bapid City the depth is 500 feet, and along the eastern 
margin of R. 8 E. it is probably considerably more than 2,500 
feet. Doubtless flowing wells could be obtained at depths of 500 to 
1,500 feet along the valley of Rapid Creek west of the center of 
R. 8 E., and at a depth of 1,500 feet in the wide flats west of 
Box Elder Creek, 2 miles northeast of Rapid City. At Brennan 
the sandstone probably lies at a depth of about 1,300 feet, but 
whether it would yield a flow is somewhat doubtful, for the limit of 
the area in which flows may be expected is in the vicinity of the 
railroad at Brennan. 

A boring made at Wasta, a few miles east of the border of the 
area shown on the map (PI. I, in pocket), is 2,287 feet deep. At 
2,208 feet a 3-foot bed of sandstone was penetrated and yields 
water that rise^ within 300 feet of the surface, here 2,315 feet above 
sea level. The supply is 40 gallons a minute, and is obtained With 
a 4-inch pump barrel at a depth of 900 feet. The sandstone evidently 
is included in either the Carlile or Graneros shale, probably the 
Graneros; and if so the Dakota sandstone is not far below. 

HERMOSA REGION. 

In the valleys of Spring and Battle creeks conditions are similar 
to those in the Rapid City region. Probably flowing wells can be 
obtained in all the bottom lands and lower slopes of the larger 
valleys. The area in which flows of water from the Dakota and 
Lakota sandstones may be obtained is somewhat uncertain, for the 
boundaries shown on the map (PL I, in pocket) are constructed from 
head lines that are only approximately located. It is probable that 



Digitized by 



Google 



52 ARTESIAN WATERS IN VICINITY OF BLACK HILLS, S. DAK. 

Hermosa station is near the edge of the area and that a flow might 
1^ obtained there from the Dakota or Lakota sandstones. The Da- 
kota is probably not more than 700 feet below the sarface. The 
Lakota lies 850 feet below, and f rcHn it the greatest head and largest 
flow are to be expected. On the east line of K. 8 E. the depth to 
the Dakota sandstone is between 1,600 and 1,700 feet on Battle Creek 
and also on Spring Creek. It gradually deepens to the east, prob- 
ably to 2,600 feet on the east line of R. 9 E. 

In the Hed Valley west of Hermosa the Minnelnsa sandstone is 
within reach for ordinary well boring and is likdy to yield a flow in 
the lower and middle slopes. The depth is 150 feet to the top sand- 
stone at the foot of the limestone slopes and 750 to 800 feet along 
the eastern edge of the red beds of the Spearfish ftn-mation. At 
Hermosa it is about 2,200 feet below the surface, and the top or 
lower sandstones are likely to afford a flow under considerable pres- 
sure. The Deadwood sandstone is about 1,000 feet below the top of 
the Minndiusa sandstone in this region. 

FAIRBURN REGION. 

The artesian conditions in the Fairbum region (see PI. I, in pocket, 
and section 5, PL X, p. 26) are similar to those all along the east 
dope of the Black Hills. No wells have been sunk, and the water 
resources are therefore untested, but there is every probability that 
water is obtainable. Flows may be expected along the valleys of 
Dry Creek and French Creek, from the foot of the hogback ridge 
eastward, with gradual increase in depth and diminution of head. 
At Fairbum the head of the first flow is probably sufficient to raise 
the water to about 3,300 feet above sea level (Fairbum station is 
3,310 feet), or sufficiently high to afford a flow in the lower lands 
near by. Somewhat greater head may be expected from lower flows. 
The depth to the top of the Dakota sandstone is 900 to 1,000 feet at 
Fairbum. It increases steadily to the east, and in the northeast 
corner of T. 5 S., R. 8 E., it is 2,500 feet, east of which it increases 
but slightly, for the strata lie nearly horizontal. 

At Fairbum the Minnelusa sandstone is about 2,500 feet below 
the surface and the Deadwood sandstone 800 to 900 feet deeper, but 
in the Red Valley the depth to the Minnelusa is only 140 to 1,200 
feet, and to the Deadwood sandstone 1,000 to 2,000 feet. Both 
probably contain artesian water under considerable pressure. 

BUFTALO GAP AXD SMTTHl^TCK REGION. 

Several deep borings have been made in and near the town of 
Buffalo Gap, but none of them was sufficiently deep to be soooessfoL 
One was on a hill just west of the town. Another, on the principal 
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street, was 800 feet deep, entirely in black diale. It began in the 
lower part of the Carlile shale, above the Oreenhom limestone, and 
passed far down into the Graneros shale. Probably the Dakota 
sandstone would have been entered at a depth of about 1,100 feet 
»nd a flow obtained. 

The most recent attempt to obtain water was by a deep well a mile 
west of town, which was drilled in 1910, but it was located too high 
to have a flow. The depth was 884 feet. No record was obtainable 
as the well was sunk by jetting, but it is reported that the base of the 
shale was between 500 and 600 feet. The well was cased with 4J to 
2 inch pipes and the 2-inch pipe was perforated from 654 to 784 feet. 
Water that could be pumped was obtained at 654 to 784 feet, and 
though at first it came to the top it settled back to 725 feet. However, 
after two years this afforded a small flow which has continued since. 

All the conditions appear to be favorable for obtaining flows in all 
of the lower lands of the valleys of Lame Johnny, Dry, and Beaver 
creeks and Cheyenne River, north, south, and east of Buffalo Gap. 
(See map, PL I, in pocket.) Owing to the relatively steep dips of 
the rocks near the hogback ridge the depths to the water-bearing 
sandstones increase rapidly to the east for some distance. At Buffalo 
Gap station the depth is about 1,300 feet, and in the next 2 or 3 
niUes it increases to 2,300 feet. The dips flatten in R. 8 E. (see 
section 6, PI. X, p. 26), and the strata rise slightly in a low dome in 
the next two ranges east. The Dakota sandstone lies, however, at a 
depth of 2,300 to 2,600 feet in this region. The area in which flows 
niaj' be obtained undoujbtedly extends up the valley of Cheyenne River 
past Oral to the mouth of Fall Creek and possibly also to the mouth 
of the gorge in which the river crosses the hogback ridge a few miles 
above Cheyenne Falls. 

Artesian water will perhaps be found in the Minnelusa sandstone 
also, unless the rock becomes too fine grained, as at Edgemont and 
Minnekahta. It lies from 500 to 800 feet below the surface in the 
lower parts of Martins Valley. Probably the water in the large 
springs in the upper part of Buffalo Gap rises from this sandstone 
through the Opeche beds, and if so, there is much encouragement 
for l)elieving that the sheet of water may be widespread. About 1,100 
feet below the surface is the Deadwood sandstone, which undoubtedly 
carries a large water supply, as in deep wells at Edgemont. 

HOT SPRINGS AND MINNEKAHTA REGION. 

The town of Hot Springs extends nearly all the way across the Eed 
Valley and is underlain by the Minnelusa sandstone at depths rang- 
ing from about 200 feet in the western part of the town to 800 feet 
or more in the eastern part of the ** old town." It is likely that this 
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sandstone contains water throughout the Red Valley and that addi- 
tional supplies are obtainable in the Deadwood sandstone about 1,000 
feet below. Probably the warm water of the noted springs above 
Hot Springs is from this source and thus rises 1,000 feet or more 
through crevices in overlying rocks. Otherwise it is difficult to ac- 

Depth 
tfeet). 

12 Soil and vmTvL 



*^ Saodatone. 



000 
1022 



Qypaum (?). 

Saodatone. 

Oypaum (?}. 

Rod sypaum (T). 



rt). 



Roda 



Red rook. 
Jg White gyxwum (T) 

Red Mud. 

K23 QuarUite. 

638 Red MUid. 

R*8 Limoetone (?). 

611 



Blue sand rcok. 
Limeatone (?).' 
Jg Sand rock (?). 

Qypaum (7)« 



Gypaum (f). 
White aaad. 

Marble. 
1082 
1106 Qypaum (f). 

Red ahale (T). 

1100 

Pebble rook. 
1232 Pyritea (T). 8 feet. 

Blaok gypaum (T). 



1284 
1307 

lis White 



CryRtalllne 
Redaand. 



Figure 0. — Section of deep boring at Minnekahta, S. Dak. 

count for their temperature, which is about 45° higher than the meaii 
annual temperature of the locality. The water of the tepid springs 
at Cascade doubtless comes from the same horizon. At the Soldiers' 
Home, a short distance west of Hot Springs, a well, sunk several 
years ago to a depth of 223 feet, begins just above the top of the 
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Minnekahta limestone and obtains a moderate water supply from 
the Minnelusa sandstone. 

Several years ago the Chicago, Burlington & Quincy Eailroad Co. 
made a deep boring at Minnekahta station to obtain a water supply 
for locomotives. A depth of 1,848 feet is said to have been attained, 
but no satisfactory amount of water was found. The section shown 
in figure 9 is clearly unreliable and very unsatisfactory for the identi- 
fication of the rocks penetrated. The reference to gypsum, except 
those near the top, are mistakes as to the identity of the material. 
No clue is given as to the position of the Minnekahta limestone, which 
lies about 500 feet below the surface. The red sands from 743 to 
908 feet are doubtless part of the Minnelusa sandstone. At a depth 
of 1,348 feet the boring should be in or near the Deadwood sand- 
stone, for the thickness of the beds from the upper part of the 
Spearfish red shale, in which the boring was started, to the top of the 
Deadwood sandstone is not much more than this in the surface ex- 
posures in the region to the north. Possibly the red sand reported 
from 1,307 to 1,325 feet is from the top of the Deadwood sandstone, 
and if so the boring would have found the water-bearing strata of 
the deep Edgemont w^Us at no great depth below. As the Minne- 
kahta station is at an altitude of 4,163 feet, and as the altitude of 
intake of the Deadwood sandstone near Pringle is at about 5,000 feet, 
it is probable that the water would flow throughout this portion of 
the Red Valley. 

EDGEMONT REGION. 

Edgem/ynt, — ^Two deep artesian wells aflford a large water supply 
for Edgemont. One, in the northern edge of the town, sunk by the 
Chicago, Burlington & Quincy Railroad in 1905, reached a depth of 
2,980 feet in 1907, and the other, sunk by the city in 1912 a few rods 
south of the depot, is 2,983 feet deep. They both yield large flows of 
warm water (122° and 126° F.) under pressure of about 75 pounds to 
the square inch, probably derived from Deadwood sandstone. ( See sec- 
tion 6, PI. X, p. 26.) Several shallower wells penetrate the Dakota 
and underlying sandstones, but the head of the water in these beds 
is too low to afford a flow. The flow in the deep railroad well be- 
gan at 2,920 feet and finally it was 300 gallons a minute as boring 
progressed. At first the water contained much mineral matter, evi- 
dently derived from red sandstone in higher beds, for the boring was 
not cased between 1,850 and 2,111 feet, but a 5-inch casing inserted 
to the latter depth cut off this water and the main supply was then 
found to be satisfactory for locomotives. (See analysis, p. 57.) The 
following is the record furnished by the company, with slight modi- 
fications based oil examination of samples sent by the drillers and 
others ; 
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Beoard of artesian well of Chicago, Burlington d Quimoif Eaibroad Co, 

Edgemont, S, Dak, _ . 

Peet. 

Clay and sand, with gravel at base 0- 3ii 

Shale, dark 88- 90 

Sandstone 90- 98 

Shale, with 3-lnch bed of hard sandstone at 297 feet— 98- 343 
" Limestones " separated by 2 feet and 9 feet of light- 
colored shales (probably top of Dakota) 348- 375 

Shale, dark, compact 375- 377 

Sandstone, hard, with 6 feet of dark shale near top— 377- 407 

Pyrites (?) 407- 409 

Shale, gray, with 2-foot hard layer 409- 420 

Sandstone, with dark shale near base 420^ 440 

Shale, mostly light and soft 440- 402 

Sandstone C* limestone" in middle; 4 feet hard shale 

at 489 feet) 468- 598 

Shale, compact, light 503- 524 

Sandstone, hard, and sandy " limestone " 524- 559 

Shale, sandy 559- 618 

Sandstone, red 618- 644 

Shale, sandy, compact 644- 669 

Sandstone, with water 669- €72 

Shale, sandy, compact, with 24 feet of " limestone " at 

740 feet J 672- 774 

Sandstone, light-colored (Unkpapa) 774- 841 

Sandy shale, compact (probably top of Sundance)— 841- 855 

Shale, blue 855- 955 

Sandstone 955- 965 

Shale, red, sandy (probably red member of Sundance 

formation) ^ 965-1, 040 

Sandstone, dark red, compact (probably red member 

of Sundance formation) 1,040-1,051 

Shale, white, sandy 1,051-1,060 

Shale, blue 1,06(^1,080 

Sandstone, white ; water rose to surface 1, 080-1, 098 

Shale, blue 1, 098-1, 157 

•* Hardpan," black 1, 157-1, 174 

Sandstone, white, some water (low in Sundance) 1,174-1,223 

Shale, gray, limy (reported as black hardpan; prob- 
ably at base of Sundance) 1,223-1,230 

Red shale and sandstone (Spearflsh) 1,230-1,850 

Red sandstone (Minnekahta limestone, not reported) - 1, 85(V-1, 955 
Limestone, light colored (probably fine Mlnnelusa 

sandstone) 1,955-2,140 

Limestone, pale brown (probably fine Mlnnelusa sand- 
stone) 1 2, 140-2, 198 

Red sandstone (5 feet compact at top, then very soft 

for 24 feet) 2, 198-2, 292 

Limestone 2, 292-2, 303 

Sandstone, red and gray 2, 303-2, 325 

Limestone, white 2, 325-2, 352 

Sandstone, some lime (reported as limestone) 2,352-2,440 

Limestone, white (Pahasapa) 2,440-2,516 

Sandstone, red; dark brown below 2.516-2.572 
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Feet 

Sandstone, light brown ; no lime 2, 572-2, 641 

Pyrites, dark 2, 641-2, 648 

Red rock, soft above, light In middle, darker below— 2, 648-2, 878 

Sandstone, first flow between 2,920 and 2.948 feet 2,87&-2,890 

Red sandstone, very hard 6-inch layer at 2,964 feet 2, 890-2, 980 

The identity of some of the rocks given in this record is question- 
able, especially the so-called limestones, and the limits of the different 
beds are by no means accurate. Apparently the Dakota sandstone was 
reached at a depth of 297 feet, and presumably the base of the 
Lakota sandstone is the water-bearing sand from 669 to 672 feet. 
The Morrison, Unkpapa, and Sundance formations lie next below, 
with the sandstone in the lower part of the Sundance extending from 
1,174 to 1^23 feet. The Spearfish began at 1,230 feet (according to 
another authority, at 1,255 feet, capped by 15 feet of coarse gray 
sand), and red beds continued with great uniformity to 1,955 feet, 
presenting a thickness of more than 700 feet. It is probable, however, 
that the Minnekahta limestone was penetrated at about 1,850 feet, 
and the Opech© red sandstone is included in the 700 feet of red beds. 
Possibly, also, some of the top sandstone of the Minnelusa is included 
on account of its red color. The identity of the lower beds is diflBicult 
to establish. Many feet of the sandstones and limiestones ax© Min- 
nelusa. The base of the Pahasapa (and Englewood) limestones ap- 
pears to be at the bottom of the thick body of limestone at a depth of 
2,516 feet. The beds below this limestone to 2,920 feet are mostly 
sandstones and shales, largely red, but some of the sandstones are 
snuff-colored and very like the upper part of the Deadw^ood sand- 
stone. No samples were obtained from the " sands " at 2,920 to 2,980 
feet on account of the heavy flow of water* 

An analysis of the water made for the railroad company 10 days 
after the well was cased is as follows : 

Analysis of water from Chicago, BurUngton & Quincy Railroad Co.'s artesian 

well at EOgemont, S. Dak.^ 

Parts per 
million. « 

SUica, iron, and alumina 20 

Calcium (Ca) 98 

Magnesium (Mg) 48 

Sodium (Na) 122 

Carbonate radicle (CO«) 174 

Sulphate radicle (SO*) 173 

Chloride radicle (CI) 168 

Total dissolved solids 803 

Probable scale-forming ingredients 390 

Probable foaming ingredients 330 

• Tills analysis was reported by the railroad company in grains pee gallon and has been 
recalculated into ionic form and parts per million by the United States Geological Survey. 
Tlie total contents in grains per gallon were given as 45.88, of which sodium chloride was 
16.19, sodium carbonate 1.69, calcium sulphate 14.29, calcium carbonate 3.85, magnesium 
carbonate 9.86, silica and Insoluble matter 1.18. 
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In 1910 another deep well was sunk in Edgemont to supply water 
for city use. A flow of 575 gallons a minute was found at 2,970 feet. 
The pressure is 94 pounds to the square inch, and the temperature is 
126° F. The following record was supplied by the drillers : 



Record of artesian well stink in 1910 for city of Edgemont^ S. Dak. 



Clay, sand, and gravel 

Shale, m ostly dark 

Sand; water rose to 20 feet below the surface 

Shale, gray to red, sandy near base . 

Sand 

Shale, blue 

Sand... 

Sandy shale, white 

Sand 

Shale 

Sand, hard shart) 

Shale, gray to wnite, part sandy 

"Sharp Mme" 

Sandy shale 

Sand, white 

Shale, brown to white 

"Ilard lime'' on 2 feet of sand 

Shale, black, hard 

Shale, lower half soft and white 

" Lime " and shale 

Bedrock 

" Limestone" 

Sand, white 

Shale, lower 90 feet blue 

"Hard lime "sandy "shells" 

Shale, white and pink 

Red rock ^ 

Shale, part hard and white 

Red rock, hard 

Shale, white at top, blue below 

Sand with water 

Shale, blue to gray 

Sand with 5-gallon flow 

Shale, hard 

Red rocks, bard to Foft 

Sand, light hard : 

Lime, wnite, hard 

Red rocks, mostly soft, flow at 1,846 feet 

Sandstone, white 

Sandstone, red 

TJmestone, mostly white 

Limestone, red , gray, and white, very sandy 

Red rock; caves easily 

Sand, gray 

Shale, blue 

"Lime" 

Red rock 

Sand, gray, soft below 

Sandi white , soft 

Limestone, hard, dark 

"Sandy "and blue shale 

Red rock 

"Hard and sandy" and sand 

"Red cave" 

Sand, hard 

Red rock 

Limestone layer, white ; has hard red streaks 

Red rock 

Limastone, dark, 42-gallon flow at 2,9^0-2,942 feet and 60-gallon flow at 2,950 feet, 
Main flow, 575 gaJlons a minute 



Thick- 
ness. 


Depth. 


Fea. 


Feet. 


60 


60 


270 


330 


7 


337 


86 


423 


6 


429 


6 


435 


3 


438 


8 


446 


9 


455 


5 


4O0 


15 


475 


55 


530 


20 


5» 


23 


573 


17 


590 


52 


642 


36 


678 


6 


684 


71 


755 


10 


765 


8 


773 


6 


779 


18 


797 


161 


958 


9 


967 


21 


9«I8 


6 


991 


81 


1,025 


17 


1.042 


54 


1.096 


4 


1,100 


78 


1,178 


67 


1,345 


9 


1,254 


372 


1,626 


28 


1,654 


16 


i,m 


185 


1,855 


45 


1,900 


30 


1.930 


152 


2,082 


62 


2,144 


HI 


2,255 


21 


2,276 


9 


2,285 


15 


2,300 


25 


2,325 


24 


2.349 


81 


2,380 


145 


2,525 


90 


2,615 


?0 


2,635 


25 


2,660 


25 


2,685 


12 


2.ff*7 


28 


2,725 


30 


2,755 


156 


2,911 


39 


2.9W 


33 


2,9S3 



This record corroborates the previous one in most respects, cer- 
tainly as to the great flow of warm water at the bottom. Owing to 
the slight northward dip of the strata the beds are slightly deeper 
in the new well than in the old one. 
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Apparently the Dakota sandstone was entered at 330 feet and 
probably the white sand at 779 to 797 feet is basal Lakota. The 
"red rocks," at 988 to 1,042 feet, suggest the red member in the 
middle of the Sundance formation, and the water-bearing sand 200 
feet below is the lower sandstone of that formation. The red beds 
of the Spearfish formation begin at 1,254 feet, or 24 feet deeper than 
in the railroad well. The sand and lime reported at 1,626 to 1,670 
feet are probably gypsum; and the "white sandstone," at 1,855 to 
1,900 feet, may be gypsum or may be Minnekahta limestone, which 
is 45 feet thick at its outcrops 15 miles to the north. The overlying 
red beds are 601 feet thick, which is the estimated amount of the 
Spearfish formation in its outcrops to the north. The red beds at 
1,900 feet are probably Opeche, but only 30 feet are reported. The 
sandstones below are the Minnelusa, which doubtless extends to 2,380 
feet. According to the record the Pahasapa limestones are less 
characteristic than might be expected, and their lower limit is not 
indicated. Undoubtedly the lower sandstones are Deadwood and 
yield the flow. A small showing of oil was reported at 2,200 feet. 

The well is cased with 34 feet of 16-inch pipe, 1,275 feet of 10-inch 
pipe, 2,290 feet of 8-inch pipe, and 2,912 feet of 6-inch pipe. 

It is interesting to compare the Edgemont well sections, or at least 
the portions of them from 850 to 2,300 feet, with the record of a 
boring recently made for oil on Old Woman Creek 25 miles south- 
west of Edgemont. 

Record of boring for oil on Old Woman Creek anticline, in the KW. i sec, 9, 
T. 36 N., R. 62 W., in Wyoming, 25 miles southwest of Edgemont, 8. Dak, 



Formation. 



Material. 



Thick- 
ness. 



Depth. 



Sundance.., 

Spearfish... 
Minnekahta 
Opeche 

Bfinnelusa.. 



f Shale, gray to blue below, reddish in upper part. 
Sandstone, soft, white; some gas 
Shale, gray, hard 

Red beds 

Limestone; water at base 

Shale, red 

Sandstone , white . granular 

Sandstone, reddish, limy , hard 

Sandstone, gray, limy, bard 

Shale, red 

Sandstone , much lime, very hard 

Limestone, gray , sOloeoos 

Limestone, white, siliceous 

Sandstone, brownish and white; some water 

Limestone, gray above, \rery dark below , 

Shale,red..!..: 

Shale, dark, cempact 

Sandstone , white; much lime 

Limestone, dark gray, sandy 

Sandstone, bro^SDish 

Limestone, brownish 



Feet. 

255 
80 
20 

415 
70 
80 

100 
18 
12 
10 

100 
30 

140 
20 
91 
9 
30 
20 
18 
26 
12 



Ftet. 



335 

355 

770 

840 

920 

1,020 

1,038 

1,050 

1,060 

1,160 

1,190 

1,230 

1,2S0 

1,341 

1,350 

1,380 

1,400 

1,418 

1,444 

1,466 



In Edgemont and its vicinity a number of wells were sunk several 
years ago for water from the Dakota sandstone. Nearly all obtained 
supplies for pumping, but, owing to the low level of the outcrops 
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of the Dakota sandstone in the vicinity, the water did not have suf- 
ficient head to flow. The water did not prove satisfactory for use 
in locomotives, and all the wells except the one 1A26 feet deep at 
the railroad roundhouse have been abandoned. 

Sections of two wells are shown in figures 10 and 11. One of the 
wells at the roundhouse (fig. 10) had a depth of 1,126 feet but is now 
filled to the depth of 700 feet. Water of bad quality was found in 

(feet). 



DttlwUMndstone . 



I*kota ■aDcbrtoae . 



Bandano« formaUon . . . 



325 
360 


Whit«Muid. (BMlwBtar.) 
S«ft wUt* bad (?). 




Shale. 


4M 
46S 


White HBd. 

Soft white bed. 10 feei. 


497 


Ua«lahAle(7). 10fe«t. 




WhHe lead. (Water.) 


004 




6&2 


Sand, white below, red aboT 




Shale. 


706 

762 




802 


Soft whhe bed (T). 



967 
977 



1.12A 



Red aandatooe. 
Bandetone. (Bad waterO 



FiGUWB 10. — Section of Donflowinj? well at Edgemont, S. Dak. 

the white sand at 295 feet and in the sandstone at 977 feet. Fairly- 
good water,^ rising within 60 feet of the surface, is obtained from the 
sandstone which begins at a depth of 509 feet. It contains 4,080 
parts per million of solid matter (239 grains per gallon), of which 
159 parts is lime. The record appears to be fairly reliable; it 
indicates Dakota sandstone from 295 to 350 feet, Fuson shale from 

1 Darton, N. H., Geology and underground waters of South Dakota : U. S. GeoL Survey 
Water-Supply Paper 227, p. 95, 1909. 
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350 to 430 feet, Lakota sandstone from 430 to abont 652 feet, Mor- 
rison shale from 652 to 802 feet, Sundance shales and sandstones with 
the characteristic red series from 957 to 977 feet, and the bed of buff 
sandstone 977 to 1,012 feet, with the basal dark shales thence to 
1,125 feet, which is probably not more than 40 feet above the top of 
the red beds of the Spearfish formation. 

The well at the north end of the railroad Y across the river from 
Edgemont (fig. 11) has a depth of 960 feet, and probably ends in 
shale of the Sundance formation, but the record appears not to be 
reliable in its details. Some water was found in the white sand at 



Depth 

(feet). 



D«kotA aandatono . 



Fvao abal: 



8mdMio6 tnratktioti . 



Sand and cnvel. 



280 

aoo 



480 

400 
4S5 
605 



578 
618 



64S 
708 



White Muid. (Water.) 

Shale. 

Sand rook. 10 feet. 



Shale. 



Sand rook. ete. 
Sai)d and ahale. 



White sand, 
ahale.^ 6 feet. 
Sand Toek. (Wstw.) 



Shale. 



Figure 11. 



-Section of boring at railroad Y three-fourlhs of a mile north of Edgemont, 
S. Dak. 



230 feet and in sandstones at 290 and 430 feet. At 578 feet a sand- 
stone begins which yields a good supply of water that rises within 
30 feet of the surface. A thin sand rock at 703 feet also yields water, 
but its volume is small. 

Argentine. — The Chicago, Burlington & Quincy Railroad Co. has 
a flowing well on the south bank of Pass Creek just west of Argen- . 
tine, a siding 13 miles northwest of Edgemont. It is 5^50 feet deep 
and yields considerable water, but its quality is not satisfactory 
for locomotives, as the following analysis shows : 
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Analysis of artesian water from Argentine, 8. Dak.^ 

Parts per 
million. 
SlUca (SlOi) 8.0 

Iron and aluminum oxides (FeaOa+AUOa) 1.0 

Calcium (Ca) 62 

Magnesium (Mg) 20 

Sodium (Na) 220 

Potassium (K) ^ 1.0 

Carbonate radicle (COa) 110 

Sulphate radicle (SO4) 521 

Organic and volatile matter 9.0 

Total solids 947 

No record of the Argentine boring was obtained. It begins in the 
Graneros shale and undoubtedly obtains the flow from the Lakota 
sandstone, which crops out in the mountains not far east. 

Ardmore. — ^At Ardmore, 23 miles south of Edgemont, the Chicago, 
Burlington & Quincy Railroad Co. bored to a depth of 1,500 feet with- 
out obtaining water. The hole is entirely in shale, except at the bot- 
tom, where it penetrated about 40 feet of white sand, containing thin 
partings of black shale. This boring begins just about at the top 
of the Niobrara formation and apparently penetrates very nearly 
to the Dakota sandstone, the sandstone bed reported probably being 
in the lower part of the Graneros shale. As Ardmore is at an alti- 
tude of 3,557 feet, and the water-bearing Dakota sandstone crops 
out about Edgemont at an altitude of 3,400 feet, there is no possi- 
bility of a flow at the former place, but probably a supply of water 
for pumping could be obtained by deepening the boring into the 
Dakota sandstone. The estimated altitude to which the water would 
rise in such a well is about 3,450 feet. 

1 The analysis was reported by the railroad company In grains per gallon, and has been 
recalculated into Ionic form In parts per million by the United States Geological Survey. 
The total solids are about 55 grains per gallon, regarded as about 40 grains sodium and 
potassium sulphates and 12 grains calcium and magnesium sulphates and carbonates. 
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